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PREFACE. 


Only  in  a  very  figurative  sense  can  this  book  be  said  to  be  a  "  revised 
edition"  of  the  little  volume  under  the  same  title  which  the  writer  pub- 
lished ten  years  ago.  The  substance  of  the  old  book  remains  unchanged, 
so  far  as  it  went,  but  every  page  and  sentence  has  been  rewritten,  except 
the  dedication.  The  most  important  change  in  the  nature  of  an  addition 
is  the  much  greater  attention  given  to  traffic  and  revenue  questions, 
which  are  particularly  likely  to  be  underrated  or  forgotten.  The  mechan* 
ics  of  curve  resistance  have  been  discussed,  it  is  hoped,  more  adequately 
than  heretofore,  and  oh  a  more  solid  basis  of  experimental  fact,  with  some 
important  practical  questions  which  depend  thereon.  The  theory  of  the 
effect  of  variations  in  velocity  on  the  motion  of  trains  is  an  entirely  new 
addition,  supplying  one  of  the  most  important  omissions  of  the  former 
edition  and  of  other  engineering  text-books.  The  theory  of  various  de- 
tails of  the  locomotive,  which  did  not  seem  to  have  been  elsewhere  ade- 
quately discussed  for  the  purposes  of  this  volume,  has  been  given,  it  is 
hoped,  more  fully  and  correctly  than  heretofore.  Parts  IV.  and  V,  are 
entirely  new. 

On  the  other  hand,  the  new  edition  has  been  abbreviated  by  omitting 
the  discussions,  some  thirty  in  all,  where  reasons  why  the  writer  felt  com- 
pelled to  differ  from  some  previously  published  conclusions  or  estimates 
were  given  in  detuil.  This  seemed  necessary  ten  years  ago,  but  at 
present  it  appeared  as  if  the  space  might  be  better  used. 

The  number  of  engravings  has  been  increased  from  half  a  dozen  to 
313,  the  number  of  pages  from  216  to  950,  and  the  number  of  tables  from 
44  to  204.  All  of  the  tables,  with  a  few  exceptions  noted  in  connection 
with  each,  are  original  computations  of  the  writer  or  compilations  from 
original  sources  of  information.  As  practically  all  the  work  of  prepar- 
ing them,  and  of  rewriting  the  text,  has  been  done  outside  of  those  hours 
which  are  ordinarily  and  more  rationally  regarded  as  working  hours,  a 
long  delay  in  republication  has  been  unavoidable  ;  but  if  there  be  truth 
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eooogh  in  the  old  antithesis  of  "easy  writing*'  and  "curst  hard  reading" 
to  hold  good  when  twisted  wrong  end  to,  there  should  be  some  com* 
pensation  in  store  for  any  reader  who  may  have  chanced  to  be  annoyed 
by  the  delay. 

In  order  to  adapt  the  volume  to  the  more  convenient  use  of  all  classes 
of  readers,  three  sizes  of  type  have  been  used  : 

Long  Primer  type  is  used  for  those  parts  of  the  volume 
which  were  deemed  most  likely  to  be  such  as  every  interested 
reader  would  wish  to  read,  including  those  who  desire  only  to 
ascertain  the  more  important  conclusions,  free  from  technically 
ties. 

Bourgeois  type  is  used  for  discussions  which  relate  more  to  the  details 
of  the  subject  than  to  principles,  and  hence  may  be  passed  ovef  by  those 
who  are  not  engineers,  or  who  are  ready  to  take  the  reasons  for  what  is 
printed  in  larger  type  for  granted.  Nevertheless,  much  of  the  matter 
which  is  printed  in  this  smaller  type,  as  for  instance  the  long  chapter  on 
the  locomotive  engine  and  the  whole  of  Part  V.,  is  among  the  most  im- 
portant in  the  book  for  the  professional  engineer. 

Brevier  type  is  used  for  minor  notes  and  comments  which  it  seemed  essen- 
tial or  desirable  to  give,  as  of  much  possible  importance  to  those  wishing  to  look 
into  the  subject,  or  some  particular  branch  thereof,  with  still  greater  care,  bot 
which  might  otherwise  be  passed  over. 

The  mathematical  form  of  discussion  has  been  intentionally  avoided, 
first,  because  the  book  has  been  written  for  practical  men  as  well  as  for 
students,  and  mathematical  methods  are  apt  to  repel  them ;  and  secondly, 
and  chiefly/because  mathematical  methods  of  solution  are  not  only  inex- 
pedient, but  positively  dangerous  for  the  class  of  problems  considered. 
When  the  difficulty  of  a  problem  lies  only  in  finding  out  what  follows  from 
certain  fixed  premises,  mathematical  methods  furnish  invaluable  wings 
for  flying  over  intermediate  obstructions ;  but  whenever  the  chief  diffi- 
culty of  a  problem  lies  in  the  multiplicity  and  dubiousness  of  the  prem- 
ises themselves,  and  in  reconciling  them  with  each  other,  there  is 
no  safe  course  but  to  remain  continuously  on  the  solid  ground  of  con- 
crete fact.  The  invidious  but  simple  task  of  proving  this  by  instances 
the  writer  will  .not  attempt. 

To  fully  set  forth  in  any  one  volume  these  premises  for  the  correct 
laying  out  of  railways,  which  include  almost  everything  connected  with 
their  construction,  operation,  and  finances,  and  vary  in  each  case,  would 
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be  impossible.  The  purpose  in  view  has  been  merely  to  give  between 
the  covers  of  one  book  whatever  was  necessary  for  some  approach  to  a 
correct  solution  of  every  probable  problem,  which  could  not  be  found 
in  other  publications.  This  necessarily  led  to  a  large  book«  since  this 
work  still  remains  the  only  one  on  its  subject  in  the  language.  Sev- 
eral of  a  somewhat  similar  nature  have  appeared  in  French  and  German 
since  the  first  edition  of  this  work  was  published,  but  from  difference  of 
operating  conditions,  and  their  profuse  use  of  mathematics,  the  resem- 
blance is  not  close. 

The  word  "  ton"  in  this  volume  means  2000  lbs.,  unless  otherwise  ex- 
plicitly stated. 

The  term  "velocity-head"  has  been  borrowed  from  hydraulics  to 
designate  a  somewhat  different  thing,  which  heretofore  has  had  no  name 
at  all.  The  "  velocity- head  "  of  hydraulics  and  of  this  volume  are  closely 
related  but  not  identical,  and  should  not  be  confused. 

Grades  have  been  designated  for  the  most  part  by  their  rate  per  cent 
and  not  by  their  rate  per  mile,  in  accordance  with  an  increasing  custom 
which  may  well  become  universal,  as  the  more  rational.  The  approxi- 
mate rate  per  mile  is  given  at  once  by  multiplying  tlie  per  cent  by  50 

(52.8). 

Owing  to* the  great  number  of  tables,  and  the  probability  that  others 
might  be  added  in  future  editions,  it  was  impossible  to  even  attempt  to 
refer  in  the  text  to  all  those  which  contained  a  given  class  of  information. 
To  insure  doing  this  reference  must  be  had  to  the  Index,  which  it  has 
been  endeavored  to  make  very  complete. 

Most  of  the  computations  of  percentages,  costs  per  mile,  and  the  like, 
in  this  volume,  were  made  with  a  slide-rule — ^an  instrument  too  little 
known  and  used  by  engineers.  Hence  many  errors  of  i  or  2  in  the 
third  digit,  or  of  one  or  two  tenths  of  one  per  cent,  probably  exist,  but. 
it  is  hoped,  few  of  a  more  serious  nature.  The  admirable  computing 
instrument  of  Mr.  Edwin  Thacher,  which  would  have  insured  greater 
accuracy  with  but  little  more  trouble,  was  secured  by  the  writer  too  late 
to  be  of  much  service. 

The  author  will  be  at  all  times  pleased  to  receive  corrections  of  typo- 
graphical'or  other  errors,  or  supposed  errors,  extensions  of  any  of  the 
tables,  or  other  similar  matter. 

A.M.  W. 

TuBVNx  Building,  New  York,  May,  1887. 
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The  investigation  of  which  this  volume  is  the  fruit  had  its  origin  in 
the  preparation  of  a  few  notes  for  an  anticipated  location,  and  has  since 
gradually  expanded  into  a  single  magazine  article,  a  short  series  of 
papers,  and  at  last  into  a  volume.  Even  the<  latter  has  been  expanded 
far  beyond  the  writer's  original  intention  by  the  close  and,  it  is  to  be 
feared,  tedious  attention  to  detail  which  he  found  continually  more 
needful ;  and  it  is  kept  within  its  present  dimensions  only  by  excluding 
considerable  matter  and  superficially  considering  or  neglecting  altogether 
a  number  of  subjects  which  the  writer  deems  of  real  importance  for  the 
correct  conduct  of  location.  In  the  improbable  event  that  the  sale  of 
this  volume  should  justify  a  thorough  revision  at  some  future  day,  he 
hopes  to  produce  one  more  in  keeping  with  the  professional  interest  and 
importance  of  the  subject,  by  rectifying  the  faults  of  omission  and  com- 
mission which  he  clearly  perceives. 

The  writer  does  not  intend  to  imply,  however,  that  he  has  fallen  into 
unacknowledged  errors  of  fact  or  theory.  All  known  errors  have  been 
frankly  corrected  as  soon  as  discovered.  For  such  others  as  may  prob- 
ably exist  the  writer  can  only  hope  that  they  will  be  regarded  with 
that  leniency  which  an  exploration  of  a  neglected  field  of  labor  may 
fairly  ask.  For  such  the  present  volume  is,  with  all  its  imperfections. 
A  recognition  of  the  value  of  previous  discussions  of  the  same  subjects 
would  be  a  more  welcome  duty;  but  the  writer  deems  it  but  simple 
justice  to  himself  and  his  readers  to  declare  frankly  that,  so  far  as  his 
knowledge  extends  and  he  is  competent  to  judge,  all  of  the  few  existing 
discussions  of  the  various  leading  topics  of  this  volume  are  so  superficial 
or  so  imperfect  in  method  as  to  have  little  or  no  value  as  a  guide  for 
location.  Some  of  them  express  correct  views,  and  some  of  them  will 
sometimes  give  correct  results ;  but  none  of  them  are  trustworthy,  and 
several  of  those  which  are  given  under  distinguished  names  are  incredi- 
bly defective.    The  various  problems  of  location,  in  fact,  have  been  dis- 
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cussed  or  neglected  by  technical  writers  with  an  airy  lightness  which 
would  convince  an  unskilful  reader  that  they  were  either  too  simple,  or 
too  unimportant,  or  too  well  understood,  for  any  careful  analysis.  And 
yet  there  is  no  field  of  professional  labor  in  which  a  limited  amount  of 
modest  incompetency,  at  $150  per  month,  can  set  so  many  picks  and 
shovels  and  locomotives  at  work  to  no  purpose  whatever. 

As  a  natural  consequence  of  this  general  n^ligence.  all  our  railways 
are  uneconomically  located,  most  of  them  in  respect  to  their  general 
route  and  system  of  gradients,  and  all  of  them  in  respect  to  the  minor 
details  of  alignment,  and  in  many  cases  these  errors  are  shockingly 
evident.  ...  In  the  care  taken  in  this  respect  we  are  not  advancing 
beyond,  but  rather  falling  below,  the  standard  set  up  forty  years  ago, 
when  the  art  of  designing  railwa3rs  started  out  in  this  country  with  such 
brilliant  promise.  The  works  of  Latrobe  and  Jervis  and  Thomson  and 
Whistler  show  a  truly  remarkable  ability,  considering  their  early  day, 
and  bear  the  clearest  marks  of  original  and  self-reliant  thought :  but  the 
great  men  of  that  earlier  day  have  no  successors;  for  we  have  done 
nothing  but  copy  them  ill  ever  since,  and  a  copyist  is  not  a  successor. 
We  copy  their  errors,  but  we  do  not  copy  that  admirable  habit  of  per- 
sonal investigation  and  far-sighted  intellectual  courage  which  created 
precedents,  and  has  made  the  work  of  their  hands — in  despite  of  many 
faults — ^the  high-water  mark  of  American  locating  skill 
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THE  ECONOMIC  THEORY  OF  THE 
LOCATION  OF  RAILWAYS. 


INTRODUCTION. 

As  the  correct  solution  of  any  problem  depends  primarily  on 
a  true  understanding  of  what  the  problem  really  is,  and  wherein 
lies  its  difficulty,  we  may  profitably  pause  upon  the  threshold  of 
our  subject  to  consider  first,  in  a  more  general  way,  its  real 
nature ;  the  causes  which  impede  sound  practice  ;  the  condi- 
tions on  which  success  or  failure  depends ;  the  directions  in 
which  error  is  most  to  be  feared.  Thus  we  shall  more  fully  at- 
tain that  great  prerequisite  for  success  in  any  work — a  clear 
mental  perspective,  saving  us  from  confusing  the  obvious  with 
the  important,  and  the  obscure  and  remote  with  the  unim- 
portant. 


It  would  be  well  if  engineering  were  less  generally  thought 
of,  and  even  defined,  as  the  art  of  constructing.  In  a  certain  im- 
portant sense  it  is  rather  the  art  of  not  constructing ;  or,  to  de- 
fine it  rudely  but  not  inaptly,  it  is  the  art  of  doing  that  well 
with  one  dollar,  which  any  bungler  can  do  with  two  after  a 
fashion. 

There  are,   indeed,   certain  great   triumphs  of  engineering 

genius — the  locomotive,  the  truss  bridge,  the  steel  rail — which  so 

rude  a  definition  does  not  cover,  for  the  bungler  cannot  attempt 

them  at  all ;   but  such  are  rather  invention  than  engineering 

proper.     There  is  also  in  some  branches  of  engineering,  as  in 
I 
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bridge-building,  a  certain  other  side  to  it,  not  covered  by  such  a 
definition,  which  consists  in  doing  that  safely,  at  some  cost  or 
other,  which  the  bungler  is  likely  to  try  to  do  and  fail.  He 
therefore,  in  such  branches,  who  is  simply  able  to  design  a  struc- 
ture which  will  not  fall  down,  may  doubtless  in  some  measure 
be  called  an  engineer,  although  certainly  not  one  of  a  very  high 
type. 

But  to  such  engineering  as  is  needed  for  laying  out  railways, 
at  least,  the  definition  given  is  literally  applicable,  for  the  eco- 
nomic problem  is  all  there  is  to  it.  The  ill-designed  bridge  breaks 
down  ;  the  ill-designed  dam  gives  way  ;  the  ill-designed  boiler 
explodes  ;  the  badly  built  tunnel  caves  in,  and  the  bungler's 
bungling  is  betrayed.  But  a  little  practice  and  a  little  study  of 
field  geometry  will  enable  any  one  of  ordinary  intelligence, 
without  any  engineering  knowledge  whatever  in  the  larger 
sense,  to  lay  out  a  railway  from  almost  anywhere  to  anywhere, 
which  will  carry  the  locomotive  with  perfect  safety,  and  perhaps 
show  no  obtrusive  defects  under  what  is  too  often  the  only  test — 
inspection  after  construction  from  the  rear  end  of  a  palace-car. 
Thus,  for  such  work,  the  healthful  checks  which  reveal  the 
bungler's  errors  to  the  world  and  to  himself  do  not  exist.  Na- 
ture, unhappily,  has  provided  no  way  for  the  locomotive — like 
Mr.  Jingle's  intelligent  pointer — to  refuse  to  pass  over  an  ill- 
designed  railway  as  it  refuses  to  pass  over  an  ill-designed  bridge. 

Therefore,  since  there  is  no  natural  line  between  safety  and 
danger  to  mark  even  so  rude  a  distinction  as  that  between  the 
utterly  bad  and  the  barely  tolerable,  in  the  kind  of  engineering 
work  we  are  to  study,  one  may  fairly  say  that  the  locating  en- 
gineer has  but  the  one  end  before  him  to  justify  his  existence  as 
such — to  get  the  most  value  for  a  dollar  which  nature  permits  ; 
and  but  one  failure  to  fear — that  he  will  not  do  so.  Except  as 
his  work  necessarily  involves  the  preliminary  design  of  construc- 
tive details,  he  has  no  lives  to  save  or  imperil ;  and  the  young  en- 
gineer cannot  too  early  nor  too  forcibly  have  it  impressed  upon 
his  mind  that  it  takes  no  skill  worth  speaking  of  to  do  such  work 
after  a  fashion,  unless  in  the  comparatively  few  localities  (rare  in- 
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deed  in  the  United  States)  where  to  get  a  reasonable  line  of  any 
kind  is  something  of  a  feat.  His  true  function  and  excuse  for 
being  as  an  engineer,  as  distinguished  from  a  skilled  workman, 
begins  and  ends  in  comprehending  and  striking  a  just  balance 
between  topographical  possibilities,  first  cost,  and  future  reve- 
nue and  operating  expenses. 

While  this,  in  a  certain  sense,  is  peculiar  to  the  branch  of  en- 
gineering we  are  to  study,  yet  a  curiously  close  analogy  may  be 
drawn,  tending  to  show  that  it  is  as  essentially  true  of  all  other 
branches  of  engineering  as  of  this.  For  example,  it  is  beyond 
doubt  that  the  true  reason  for  the  striking  progress  in  bridge- 
building  in  recent  years  has  been,  not  that  men  have  been  driven 
into  excellence  by  "  the  responsibility  of  human  life"  resting  on 
them  ; — for,  after  the  types  have  once  been  invented,  a  relatively 
low  order  of  engineering  skill  suffices  to  reduce  that  risk  alone 
to  a  minimum.  But  the  impelling  force  has  been  the  keen  com- 
petitive struggle  to  bring  the  first  cost  of  every  bridge  as  low  as 
possible,  and  yet  do  nothing  which  shall  injure  its  permanent 
efficiency  and  compel  it  to  be  speedily  rebuilt ;  nothing,  in  other 
words,  which  shall  increase  the  future  "  maintenance  and  oper- 
ating expenses,"  But  whereas  the  "  operating  expenses"  of  bad 
bridge-engineering  come  in  a  series  of  startling  catastrophes 
which  shock  the  community  and  dismay  the  moneyed  interests 
concerned,  causing  good  work  to  be  appreciated  and  insisted  on^ 
and  scaring  off  the  amateurs  and  'prentice  hands  from  **  med- 
dling and  muddling,"  after  the  manner  of  their  kind,  the  operat- 
ing expenses  from  bad  railway  location  come  by  a  gentle  but 
unceasing  ooze  from  every  pore  which  attracts  no  attention, 
albeit  resulting  in  a  loss  vastly  larger  than  any  possible  loss 
from  bad  construction  ;  for  it  requires  some  training  and  experi- 
ence even  to  appreciate  the  loss  as  existing,  and  still  more  of 
both  to  appreciate  it  as  remediable.  In  fact  no  one  can  do  so, 
except  in  the  most  general  way,  without  special  investigation  of 
each  special  case.  Errors  which,  even  if  committed,  are  not 
likely  to  be  discovered,  are  rarely  much  feared,  and  at  last  the 
consciousness  that  there  is  danger  of  error  becomes  dulled. 
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In  these  facts  we  have  plain  reasons  why  average  practice  ir 
laying  out  railways  should  inevitably  tend,  as  it  does  tend,  to  be     "  ^^-  * 
and  remain  of  a  low  grade.     It  is  not  difficult,  in  fact,  to  sec      * 
reasons  why  it  can  never  well  be  otherwise,  except  in  degree         **-' 
unless  the  progress  of  science  should  wholly  change  the  nature     ^  -■--   • 
of  the  work  ;  and  a  correct  appreciation  of  how  great  is  thi?^  *i   • 
danger,  and  why  it  exists,  will  greatly  help  tp  save  the  student  ^      .    ^. 
from  it.  -■>»  - 

The  permanent  difficulty  lies  in  this  :  High  efficiency  in  any^v   .. 
art  or  calling  in  which  many  minds  of  no  phenomenal  gifts  are.,  ^  ^ 
engaged  requires  that  every  man's  work  should  be  readily  com-—  ^ 
parable  either  with  a  certain  uniform  standard  or  with  the  work  ■:- 
of  his   fellows.     In  constructive   engineering   this   is   possible.^.,    ^ 
Broadly   speaking,   a   hundred-foot    bridge   is   a   hundred-foot 
bridge,  the  world  over.     It  has  everywhere   to   fulfil  but  twa^^, 
primary  conditions  :  It  must  carry  a  certain  nearly  uniform  load-^       '  ' 
per  foot,  and  it  must  not  fall  down.     The  same  is  in  substance .    *"** 
true  of  every  form  of  constructive  engineering.     Every  man's  . 
practice  therein,  therefore,  is  comparable,  and  is  compared,  with    "'  '^• 
the  highest  level  of  practice,  the  world  over.     Those  most  highly     *"'■ 
skilled  are  discovered  and  recognized.     The  moderately  skilled,  '  '*  • 
perceive  and  correct  their  deficiencies.     The  hopelessly  unskilled  "^  --  - 
retire  to  other  pursuits.  ^•*^'- 

In  laying  out  railway  lines,  and  less  strikingly  in  some  other  *  *  •     , 
analogous  kinds  of  engineering  work,  this  is  forever  impossible.  *  ^- 
We  cannot  reduce  the  laws  of  topography,  nor  even  of  finance,  to*'*  ' 
equations  and  formulae.     Every  line  is  a  problem  by  itself,  with    '  '••      ._ 
its  own  peculiar  physical  and  commercial  conditions,  so  that  the^-  . .  , 
engineer  is  deprived  of  the  aid  to  be  had  by  comparing  with,  '*•••    ^ 
and  copying  the  details  of,  the  practice  of  others.     Under  these  -mi 
circumstances,  the  difference  of  conditions  will  be  apt  to  be  hon-  *  ^  •  -_ 
estly  accepted  by  the  reader  who  may  have  sinned  against  good  '*Ws 
practice,  and  by  all  others  concerned,  as  the  reasons  why  an-  "*    ^    ^ 
other  line,  one  hundred  or  one  thousand  miles  off,  should  have-  <'u  .  . 
cost  so  much  less  and  yet  be  so  much  better  worth  owning  than:  "Si 
his  own.     He  who  has  done  well,  therefore,  is  cut  off  from  any  "^^^  i. 


•I"  • 
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absolute  knowledge  and  general  recognition  of  that  fact,  and 
the  guilty  reader,  who  has  done  ill,  is  cut  oft  from  the  still 
greater  gain  which  would  come  to  him  from  a  revelation  of 
where  and  .  wherein  he  has  done  ill.  In  most  such  cases  each 
will  have  in  some  detail  shown  better  judgment  than  the  other ; 
but  from  the  lack  of  unquestionable  evidence  of  this,  each  is 
denied  the  instruction  which  he  might  otherwise  receive  from 
that  fact,  and  so  is  in  great  danger  of  falling  into  the  most  natu- 
ral and  most  human  error,  believing  that  all  that  he  has  done 
is  good,  which  has  not  been  proven  to  be  bad,  and  so  ceasing  to 
make  effort  to  improve  upon  what  is  good  enough  to  pass,  and 
merely  multiplying  errors  with  advancing  experience,  without 
really  advancing  in  knowledge. 

For  these  reasons  the  student  should  begin  with  the  conscious* 
ness  that  the  level  of  average  practice  in  railway  location,  his 
own  included,  is  by  its  nature  restricted,  not  to  the  sum  of  the 
united  abilities  of  all  those  who  are  or  have  been  engaged  in  it, 
as  in  constructive  engineering,  but  to  the  average  individual  level 
of  capacity  and  knowledge.  No  more  is  needed  than  this  un- 
doubted fact  to  prove  to  demonstration  that  average  practice  is 
and  must  be,  both  comparatively  and  absolutely,  of  a  pretty  low 
grade  ;  and  hence  it  becomes  every  one  who  may  be  entrusted 
with  such  work  to  have  constantly  before  him  the  fact  that  he 
stands  thus  alone,  and  to  scrutinize  with  the  sternest  skepti- 
cism, the  conclusions  which  he  may  reach,  remembering  that  his 
danger  of  grave  errors  of  judgment  is  thereby  multiplied  many- 
fold.  As  he  measures  only  by  his  own  knowledge,  all  the  work 
he  does  will  naturally  seem  good  even  if  really  bad. 

To  the  preceding,' which  may  be  called  the  subjective  ob- 
stacles to  good  practice,  must  be  added  another  and  perhaps  a 
greater  one.  Inasmuch  as  no  one  can  even  know  for  himself 
the  absolute  quality  of  his  own  skill  in  this  particular  branch  of 
engineering,  it  is  almost  a  natural  corollary  that  corporations 
should  very  uniformly  decline  to  take  it  for  granted,  by  assum- 
ing that  there  are  any  measurable  differences  in  qualifications  for 
such  work  among  those  who  have  proved  their  competency  in 


INTRODUCTION, 


Other  branches  of  engineering.  Hence  it  happens  that  railway 
location  tends  more  and  more  to  be  entrusted  to  those  to  whom 
it  is  a  mere  temporary  incident  in  their  professional  career,  and 
who  consider  the  work  mainly  from  the  constructive  stand- 
point, without  much  attention  to  those  larger  economic  ques- 
tions which  it  is  the  purpose  of  this  volume  to  discuss,  and  to 
which,  in  well-conducted  work,  the  mere  constructive  details 
should  be  wholly  subordinate.  But  as  the  inexperienced  young 
man  can  only  gauge  the  importance  of  various  work  by  the  at- 
tention which  he  sees  paid  to  it  by  his  superiors,  he  is,  as  it 
were,  pushed  by  others  into  an  error  which  it  is  difficult  for  him 
to  avoid  at  best  ;  for  he  will  soon  note  that  the  assumption  and 
practice  of  the  world  is,  that  whoever  is  fit  to  design  the  struc- 
tures of  a  railway  is  thereby  fitted,  without  further  study  or 
preparation,  to  design  the  railway  as  a  whole.  In  fact,  this 
vicious  principle  is  in  very  many  instances  pushed  to  the  ab- 
surd extreme  of  entrusting  engineers  of  inferior  capacity  with 
the  location  of  railways,  and  only  seeking  for  a  higher  grade 
of  skill  when  the  design  of  the  cheaper  man  is  to  be  embodied 
in  construction.  The  error  in  so  doing  is  the  same  in  kind 
and  in  degree  as  if  it  were  assumed  that  whoever  was  fitted  to 
build  a  house  was  fitted  to  design  one.  The  mental  qualities 
and  special  training  needed  are  much  the  same  in  each  case,  but 
the  two  kinds  of  work  are  distinct,  and  skill  in  one  does  not 
argue  skill  in  the  other. 

Nevertheless,  railways  must  be  built,  and  fortunately  there  is 
a  bright  side  as  well  as  a  dark  side  to  the  picture.  There  is 
indeed  a  pitiable  waste  resulting  from  the  conditions  outlined  : 
such,  to  mention  a  simple  and  readily  comprehended  example,  as 
has  resulted  from  the  location  of  the  entire  railway  system  of 
the  prairie  States  of  the  West, — taking  it  as  a  whole  and  neglect- 
ing the  many  individual  exceptions, — where  the  fatal  ease  with 
which  an  air-line  may  be  run  from  almost  anywhere  to  any- 
where, by  using  heavy  enough  grades,  has  brought  the  average 
train-load  lower  than  in  the  rugged  regions  of  the  East,  and 
caused  perhaps  a  greater  percentage  of  utterly  needless  waste, 
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and  a  more  discreditable  aggregate  of  thoroughly  bad  location, 
than  in  any  other  considerable  region  of  the  world  ;  and  in  view 
of  such  facts,  the  distorted  pre-eminence  given  by  engineers, 
and  by  those  who  teach  them  and  employ  them,  to  the  pettiest 
details  of  how  to  build  the  separate  works  which  make  a  railway, 
to  the  neglect  of  the  larger  questions  of  where  to  build  and 
when  to  build,  and  whether  to  build  them  at  all,  has  in  it  some- 
thing at  once  astounding  and  discouraging.  But  in  a  larger 
view  this  is  in  no  way  surprising.  It  is  but  the  common  result 
of  man's  attempts  at  solving  every  serious  problem  which  does 
not  admit  of  exact  and  positive  solution,  like  a  problem  in 
geometry,  but  contains  such  indeterminate  elements  that  to 
solve  it  perfectly  is  given  only  to  Omniscience.  In  all  such 
cases  mankind  in  general  shirks  the  issue,  or  jumps  at  a  solu- 
tion in  the  rudest  way,  as  is  seen  not  only  in  the  work  of  engi- 
neers, but  in  that  of  farmers  and  legislators  and  merchants, 
physicians  and  builders.  Compared  with  the  dismal  failure 
which  so  many  men  make  in  every  one  of  these  callings,  the 
work  of  engineers  in  laying  out  railways  shines  by  comparison. 
For  after  all,  the  fact,  if  it  be  a  fact, — as  in  a  rude  way  it  is, — 
that  between  waste  in  construction  and  waste  in  operation  and 
waste  from  inaccessibility  to  possible  patrons,  it  takes  about 
twice  as  great  expenditure  of  capital  and  labor  as  it  need  to 
afford  existing  transportation  facilities — this  really  means  no 
more  than  that,  instead  of  realizing  ninety  per  cent  of  the  ad- 
vantages which  might  be  gotten  from  George  Stephenson's  inven- 
tion, as  is  reasonably  possible,  only  some  seventy-five  or  eighty 
per  cent  is  actually  realized.  The  great  world  declines  to  take 
much  interest  in  such  a  trifling  waste  as  this,  being  accustomed 
to  much  greater  waste  in  many  things,  and  having  something  of 
that  large  indifference  to  waste  which  pervades  all  nature.  Nor 
would  it  be  worth  while  here  to  insist  on  it  for  the  mere  sake  of 
pointing  out  that  it  exists,  but  solely  to  point  out  that,  as  the 
location  of  railways  is  the  one  department  of  engineering  in 
which  waste  on  a  gigantic  scale  is  possible  from  probable  errors 
of  judgment,  and  as  it  is  likewise  the  one  department  of  engi- 
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neering  in  which  no  natural  check  exists  against  such  errors,  it 
is  fitting  that  engineers  should  prepare  themselves  for  it  with 
especial  care,  at  least  to  the  extent  of  acquiring  an  adequate 
conception  of  the  number  and  magnitude  of  the  errors  into 
which  they  may  fall. 

Much  of  the  success  of  any  one  in  any  kind  of  work,  and  especially 
in  work  subject  to  the  peculiar  difficulties  of  that  we  are  considering, 
depends  upon  the  spirit  in  which  it  is  undertaken.  If  it  be  true,  as  it 
unquestionably  is,  that  no  one  ever  attained  great  success  in  any  walk  of 
life — or  certainly  in  no  intellectual  calling — ^who  found  no  other  nor 
higher  pleasure  in  doing  that  well  which  was  given  him  to  do  than  in 
the  money  or  the  glory  which  he  might  get  from  doing  it,  it  is  certain- 
ly much  more  true  in  a  calling  where  those  ordinary  stimuli  work  very 
imperfectly  or  not  at  all,  and  in  which  one  is  often  called  upon  to  do  the 
direct  contrary  of  what  will  win  him  credit  from  the  thoughtless  and 
superficial.  The  desire  to  do  good  work  for  its  own  sake  is  then  the 
only  real  guarantee  that  good  work  will  be  done  ;  for  although  a  kindly 
Providence  has  given  the  latent  power  to  do  bad  work  of  this  kind  to 
every  human  being  with  a  tolerably  observant  eye  and  intelligence 
enough  to  lay  up  bricks,  most  assuredly  the  power  to  do  good  work  will 
not  come  by  nature.  The  author,  therefore,  feels  that  he  need  make  no 
apology  to  those  young  men  who  may  honor  him  by  studying  this 
volume,  for  offering  them  one  page  at  least  of  true  wisdom,  in  the  state- 
ly periods  of  one  of  the  greatest  thinkers  of  our  or  any  age;  which  he 
does  in  the  belief  that  they  will  find  its  study  more  profitable  than  that 
of  many  pages  in  this  or  any  other  text-book,  since,  if  they  have  studied 
it  to  some  purpose,  they  are  at  least  assured  the  most  permanently  grati- 
fying of  all  success — the  consciousness  of  having  done  one's  best : 

"  I  look  on  that  man  as  happy,  who,  when  there  is  question  of  suc- 
cess, looks  into  his  work  for  a  reply — not  into  the  market,  not  into 
opinion,  not  into  patronage.  In  every  variety  of  human  employment, 
in  the  mechanical  and  in  the  fine  arts,  in  navigation,  in  farming,  in  legis- 
lating, there  are  among  the  numbers  who  do  their  work  perfunctorily, 
as  we  say,  or  just  to  pass,  and  as  badly  as  they  dare, — there  are  the  work- 
ingmen,  on  whom  the  burden  of  the  business  falls, — those  who  love 
work,  and  love  to  see  it  rightly  done,  who  finish  their  task  for  its  own 
sake ;  and  the  state  and  the  world  is  happy  that  has  the  most  of  such 
finishers.  The  world  will  always  do  justice  at  last  to  such  finishers :  it 
cannot  otherwise.     He  who  has  acquired  the  ability  may  wait  securely 
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the  occasion  of  making  it  felt  and  appreciated,  and  know  that  it  will  not 
loiter.  Men  talk  as  if  victory  were  something  fortunate.  Work  is  vic- 
tory. Wherever  work  is  done,  victory  is  obtained.  There  is  no  chance, 
and  no  blanks.  You  want  but  one  verdict :  if  you  have  your  own,  you 
are  secure  of  the  rest.  And  yet,  if  witnesses  are  wanted,  witnesses  are 
near.  There  was  never  a  man  born  so  wise  or  good,  but  one  or  more 
companions  came  into  the  world  with  him,  who  delight  in  his  faculty 
and  report  it.  I  cannot  see  without  awe,  that  no  man  thinks  alone,  and 
no  man  acts  alone ;  but  the  divine  assessors  who  come  up  with  him  into 
life,  now  under  one  disguise,  now  under  another,  like  a  police  in  citi- 
zens' clothes,  walk  with  him,  step  for  step,  through  the  kingdom  of 
time. 

"  What  is  vulgar,  and  the  essence  of  all  vulgarity,  but  the  avarice  of 
reward  ?  Tis  the  difference  of  artisan  and  artist,  of  talent  and  genius, 
of  sinner  and  saint.  The  man  whose  eyes  are  nailed,  not  on  the  nature 
of  his  act,  but  on  the  wages, — ^whether  it  be  money,  or  office,  or  fame, — 
is  almost  equally  low."  * 

The  true  moral  to  be  drawn  from  such  glittering  generalities  is  not 
that  if  a  man  does  not  succeed  the  world  is  not  doing  justice  to  him  ; 
for  the  chances  are  a  hundred  to  one  that  it  is  meting  him  out  exact 
and  equal  justice,  and  that  unless  he  wipes  out  that  delusion  from  his 
mind  and  sets  about  correcting  his  deficiencies,  it  will  continue  to  do  so 
in  the  same  way :  nor  is  it  that  a  man  should  neglect  that  reasonable  care 
for  his  own  welfare  which  is  every  man's  duty,  nor  that  he  should  submit 
to  imposition,  nor  continue  very  often,  for  very  long,  to  render  something 
for  nothing :  In  this  utilitarian  age  there  is  little  danger  that  it  will  be 
«o  interpreted.  But  the  author  has  seen^-or  thinks  he  has  seen — so 
many  young  men  doing  permanent  injury  to  their  own  future  by  letting 
$150  a  month  fill  up  the  whole  arc  of  their  horizon,  that  he  has  seized 
his  chance,  while  he  has  them  foul,  to  inflict  a  little  advice.  He  grants 
It  is  against  the  laws  of  the  game,  and  stops. 

We  will  now  proceed  with  our  legitimate  subject,  and  endeavor  not 
to  depart  from  it. 


*  Ralph  Waldo  Emerson :  "  Essay  on  Worship." 
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ECONOMIC   PREMISES. 


<*  The  location  of  a  railroad  is  giving  it  its  constitution.  It  may  be 
sick,  almost  unto  death,  with  accidents  of  construction  and  manage- 
ment, but  with  a  good  constitution  it  will  ultimately  recover." 

— D.  H.  AiNSWORTH* 
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CHAPTER  I. 


THE  INCEPTION  OF  RAILWAY  PROJECTS,  AND  CONDITIONS  GOVERN- 
ING  IT. 

1.  When  a  railway  is  projected,  and  while  its  construction 
is  still  in  doubt,  the  most  important  and  most  doubtful  ques- 
tion of  all  is  one  which  does  not  admit  of  any  general  discussion 
or  analysis  :  Whether  or  not  to  build  the  line  at  all.  The 
decision  of  this  question  is  not  within  the  legitimate  sphere  of 
an  engineer's  duties,  acting  as  such  ;  and  hence  it  should  not  be 
permitted  to  confuse  or  affect  his  mind  during  the  subsequent 
process  of  preparing  the  line  for  construction.  For  the  general 
question  of  whether  or  not  to  build  the  line  at  all  is  one  of 
finance  and  business  judgment  alone,  to  be  settled  by  a  more  or 
less  exact  or  visionary  estimate  of  the  available  capital  for  con- 
struction, the  probable  gross  and  net  receipts,  and  the  resulting 
direct  and  indirect  advantages  to  the  projectors,  with  the  final 
conclusion  that — 

(i)  There  is  (or  is  not)  sufficient  need  of  a  railway  to  give  a 
fair  return  on  the  expenditure  of  a  certain  gross  amount  in  con- 
structing it;  and 

(2)  That  this  gross  amount  can  (or  cannot)  be  raised. 

This  conclusion  is  not  necessarily  expressed  by  a  definite  sum 
in  advance — in  fact  it  is  very  rarely  so  expressed  ;  but  such  a 
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conclusion  is  in  effect  reached,  although  often  in  a  very  vague 
form,  whenever  it  is  decided  to  proceed  with  construction. 

2.  Neither  does  it  follow  that  the  deciding  motive  is  direct 
pecuniary  profit ;  for  the  line  nray  be  of  great  value  to  the  in- 
vestors and  the  public,  and  yet  never  pay  sucli  profit.  In  fact, 
the  railway  system  of  the  world,  taken  as  a  whole,  and  especially 
that  of  the  United  States,  has  been  only  very  moderately  profit- 
able in  any  direct  form  ;  owing  not  so  much  to  mistakes  of  judg- 
ment pure  and  simple,  as  to  the  very  large  proportion  of  lines 
which  have  been  built  simply  to  increase  the  value  of  land,  to 
afford  local  transportation  facilities,  to  bring  traffic  to  the  main 
line,  and  similar  purposes.  Yet  the  resulting  gain  to  the  com- 
munity, from  these  indirect  advantages  alone,  has  been  vast  be- 
yond computation  ;  so  much  so  that,  although  the  lines  on  which 
projectors  have  lost  money  have  been  many,  there  have  been 
few  or  none  which  have  involved  a  positive  loss  to  the  commu- 
nity as  a  whole,  excepting  some  of  those  which  have  merely 
paralleled  other  lines. 

3.  A  certain  number  of  lines,  also,  are  built  for  more  or  less 
illegitimate  and  irregular  purposes:  to  sell  out  to,  or  sometimes, 
one  may  fairly  say,  to  black-mail  other  lines  ;  to  make  profit  on 
tlie  construction  ;  as  means  of  warfare  against  other  lines  ;  etc., 
etc.  Nevertheless,  even  with  such  irregular  enterprises,  as  cer- 
tainly in  all  other  cases,  the  same  general  law  holds  :  It  is  the 
plain  interest  of  the  constructors,  in  all  cases,  to  obtain  as  good  a 
road  as  they  can  for  the  money,  and  to  build  it  on  business  prin- 
ciples ;  to  spend  what  they  have  to  spend  to  the  very  best  advan- 
tage, and  to  spend  no  more  than  they  are  obliged  to  spend  to 
build  the  line  at  all  in  safe  operating  condition,  unless  the  addi- 
tional expenditure,  and  not  simply  the  expenditure  as  a  whole,  is 
clearly  a  good  investment. 

4.  From  the  point  of  view  of  this  volume,  therefore,  all  rail- 
ways are  legitimate  enterprises,  and  their  construction  is  gov- 
erned by  the  same  general  economic  laws.  These  laws,  vital  to 
the  successful  conduct  and  outcome  of  such  enterprises,  seem- 
ingly ver)'  plain  and  simple,  but  frequently  neglected  or  forgot- 
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ten,  may,  as  respects  the  question  of  whether  to  build  the  line  or 
not,  be  summarized  as  follows  : 

5.  (i)  Railways  are  not  undertaken  unless  they  are  expected 
to  be  profitable,  not  to  the  general  public,  nor  to  other  parties 
in  the  near  or  distant  future,  nor  to  those  who  lend  money  on 
them,  but  to  those  who  at  first  control  the  enterprise.  If  the  means 
in  hand  be  not  sufficient  for  the  projectors  to  complete  the  road 
for  operation  and  to  control  its  operation  afterwards,  the  result 
to  them  is  usually  complete  loss.  Remembrance  of  this  fact 
becomes  the  more  important  because  the  available  means  (the 
great  bulk  of  which  is  borrowed  money)  are  almost  always  over- 
rated, and  the  demand  upon  them  underrated. 

The  logical  order  of  procedure  in  the  case  of  any  new  enter- 
prise— which  is,  first,  to  determine  whether  or  not  the  project  is 
a  sound  one,  and  to  be  carried  out ;  and,  secondly,  to  make  the 
necessary  studies  as  to  the  manner  of  carrying  it  out — is  not 
necessarily  followed  in  order  of  time  :  often  it  cannot  be,  for  the 
final  decision  as  to  the  former  often  depends  on  the  results  of 
the  latter,  or  on  unknown  future  events.  Nevertheless,  although 
subsequent  events  may  cause  a  revision  of  such  assumptions, 
the  mere  initiation  of  the  study  of  details  implies  a  pro-forma 
conclusion,  that  the  project  as  a  whole  is  a  wise  one  if  wisely 
carried  out,  and  can  only  fail  by  bad  judgment  in  details.  This 
premise  must  b^  from  the  beginning,  therefore,  under  all  circum- 
stances, the  basis  of  the  engineer's  action.     From  this  it  follows  : 

6.  (2)  No  increase  of  expenditure  over  the  unavoidable  mini- 
mum is  expedient  or  justifiable,  however  great  the  probable 
profits  and  value  of  an  enterprise  as  a  whole,  unless  the  increase 
can  with  reasonable  certainty  be  counted  on  to  be,  in  itself,  a 
profitable  investment.     Conversely, 

(3)  No  saving  of  expenditure  is  expedient  or  justifiable,  how- 
ever doubtful  the  future  of  the  enterprise  as  a  whole,  when  it  can 
with  certainty  be  counted  on  that  the  additional  expenditure  at 
least  will,  at  the  cost  for  the  capital  to  make  it,  be  in  itself  a 
paying  investment. 

For  if  the  project  as  a  whole  be  an  unwise  one,  the  projec- 
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tors  will  lose  their  money  in  any  case  ;  but  an  additional  expendi- 
ture which  adds  more  value  to  the  property  than  it  costs  will,  at 
the  worst,  decrease  their  loss,  and  may  turn  the  scale  by  prevent- 
ing any  loss.  Doubtful  projects  least  of  all  can  afiford  to  have 
their  future  imperilled  by  reckless  economies.  Nevertheless 
the  following  should  be  remembered  : 

7.  (4)  No  expenditure  is  wise,  however  otherwise  profitable^ 
which  endangers  the  successful  completion  of  the  enterprise 
with  the  funds  on  hand  or  known  to  be  available. 

For  the  property  then  becomes  worthless  to  the  projectors^ 
however  valuable  it  may  become  to  others.  Successful  comple- 
tion, moreover,  includes  much  more  than  the  laying  of  the  tracks 
It  includes  the  equipment,  the  terminal  facilities,  the  endurance 
of  thin  traffic  and  of  imperfect  exchange-traffic  facilities  until 
the  normal  business  of  the  line  has  been  fully  attained — always 
a  matter  of  time.  Therefore,  as  few  roads  are  even  sure  of  ob- 
taining the  capital  which  they  think  is  necessary  for  the  above 
purpose,  we  have  the  following : 

8i  (5)  Expenditures  of  any  kind  on  new  projects  are  rarely- 
wise,  however  otherwise  profitable,  which  can  be  postponed 
without  any  very  serious  loss,  however  sure  to  involve  some  loss 
if  all  goes  as  well  as  is  expected  ; — such  as  costly  works  which 
can  be  avoided  by  temporary  lines,  or  by  less  durable  but  cheaper 
structures,  complete  provisions  for  traffic  which  is  yet  in  the 
future,  and  elaborate  shops  and  buildings. 

On  the  other  hand,  economies  which  permanently  handicap 
the  line  with  inferior  works  or  alignment,  or  which  place  it  un- 
der a  permanent  disadvantage  in  seeking  for  business,  such  as 
using  over-light  rails,  keeping  away  from  towns  to  save  right-of- 
way  expenses,  heavy  grades,  etc.,  are  the  first  which  should  be 
avoided,  but  are  often  the  first  which  are  resorted  to,  for  rea- 
sons more  fully  discussed  in  Chapters  XXII.  and  XXIII. 

9t  The  profit  on  a  railway  property  depends,  firsts  on  the 
judgment  shown  in  selecting  the  region  through  which  it  is  to 
be  built ;  and,  secondly^  on  the  skill  with  which  the  line  laid  down 
in  it  is  adapted  to  be  of  the  greatest  use  to  the  greatest  number 
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of  people  (giving  large  gross  revenue)  at  the  smallest  cost  for 
the  ccrvice  rendered  (giving  small  operating  expenses).  The 
first  is  distinctively  the  province  of  the  projectors  ;  the  last  is 
distinctively  the  province  of  the  engineer.  Which  is  most  im- 
portant it  would  be  needless  to  inquire,  but  certainly  the  last,  in 
this  sense  at  least,  that,  if  it  be  well  done,  any  errors  in  respect 
to  the  assumed  need  for  a  railway,  although  they  may  be  un- 
fortunate, can  rarely  be  ruinous  ;  while  it  has  again  and  again 
been  proven  that  if  good  judgment  be  not  shown  in  the  details 
of  the  route  and  expenditure,  no  merely  constructive  skill  of  the 
engineer,  nor  excellence  of  judgment  in  selecting  a  locality,  can 
save  the  project  from  disaster. 

lOt  All  the  preliminary  questions  of  probable  profit  and  loss 
involved  in  the  decision  to  build  a  line  of  some  kind  over  some 
given  general  route  being  supposed  to  be  finally  settled  and  dis- 
posed of,  and  the  construction  of  the  road  definitely  determined 
on  (if  the  expectations  as  to  cost  of  construction  and  available 
means  are  realized),  the  province  of  the  locating  engineer  and 
the  proper  subject-matter  of  this  volume  begins. 

We  are  now  done  altogether  with  all  considerations  as  to 
whether  the  future  of  the  company  as  a  whole  will  be  prosperous 
or  otherwise,  and  as  to  whether  the  probable  aggregate  profits 
or  cost  of  the  road,  either  per  mile  or  in  gross,  will  be  large  or 
small,  and  it  is  the  duty  of  the  engineer  to  neglect  them  abso- 
lutely in  laying  out  his  work,  considering  only  the  effect  of  his 
decisions  upon  these  three  items : 

1.  The  difference  in  gross  receipts  which  will  or  may  result 
from  choosing  one  or  another  line. 

2.  The  difference  in  operating  expenses  which  will  or  may 
result  from  choosing  one  or  another  line,  one  or  another  gra- 
dient, one  or  another  limit  of  curvature,  etc. 

3.  The  difference  in  annual  interest  charge  which  will  or 

may  result  from  the  dififerences  in  cost  of  construction  caused 

by  differences  in  the  above  details. 

The  latter  should  be  computed,  of  course,  at  the  rate  or  rates 
3 
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of  interest  which  money  actually  costs  or  will  cost  his  company. 
This  is  supposed  to  be  known  to,  and  remembered  by,  the 
engineer ;  and  is  the  only  fact  connecte4  with  the  present  condi- 
tion or  future  prospects  of  the  finances  of  his  company  which 
should  legitimately  influence  his  decisions. 

11.  Not  unfrequently  this  rate  of  interest  cannot  be  consid- 
ered uniform,  but  must  be  assumed  to  increase  very  rapidly 
with  the  amount  invested  ;  and  not  unfrequently  the  rate  of 
interest  which  should  properly  be  assumed  will  verge  upon  the 
infinite.  It  is  always  more  likely  to  be  underrated  than  over- 
rated ;  whereas  prudence  requires  that  the  reverse  should  be 
the  case. 

But  however  great  or  small  the  amount  and  cost  of  the  avail- 
able capital,  although  our  decisions  themselves  will  vary,  yet  the 
methods  by  which  these  decisions  are  reached  will  not  vary  ;  for 
even  in  such  an  extreme  case  as  when  the  cost  of  more  capital 
than  is  absolutely  es3ential  is  infinitely  great,  we  are  simply 
permanently  reduced  to,  and  compelled  never  to  vary  from,  what 
should  be  the  d priori  basis  for  construction  with  which  the  con- 
struction of  every  line  is  entered  upon, — however  prosperous  the 
company,  however  large  the  probable  traffic  and  profits, — because 
no  more  than  this  is  implied  in  the  mere  decision  to  build  the 
road,  which  is  : 

That  excepting  when  and  as  specific  reasons  to  the  contrary  appear^ 
the  cheapest  line  is  to  be  built  over  which  it  is  physically  possible  to  carry 
the  probable  traffic  with  proper  safety  and  speed,  using  to  this  end  any 
grades  and  curves  and  length  of  line  which  may  be  most  conducive  to  this 
end  only — and  never  abandoning  it  by  increasing  the  expenditure,  unless 
the  investment — not  the  investment  as  a  whole,  for  the  line  as  a 
whole,  but  each  particular  investment  for  each  particular  purpose  at 
each  particular  point — will  be  in  one  way  or  another  profitable  in  itself, 

12.  In  other  words,  reduction  of  first  cost  to  the  lowest  pos- 
sible point  is,  in  logical  or  economic  order,  the  first  considera- 
tion ;  although  therefore  not  by  any  means  either  the  most 
important  or  the  governing  consideration.  That  this  is  so  is 
easily  seen,  however  often  forgotten.    It  is  not  only  business-like 
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common-sense  for  the  investors  and  their  servants,  but  it  is 
sound  political  economy  for  the  community  as  a  whole.  It  does 
not  mean  nor  imply  cheap  and  shabby  construction.  It  simply 
means  an  avoidance  of  waste,  either  in  saving  money  or 
spending  it.  It  simply  means  a  recognition  of  the  fact  that 
every  dollar  and  every  day's  work  which  goes  into  the  ground 
and  does  not  bring  something  out  of  it,  makes  not  only  the  indi- 
vidual but  the  whole  community  the  poorer.  The  welfare  of  all 
mankind,  as  well  as  of  investors  in  the  enterprises  which  employ 
engineers,  depends  upon  the  skill  with  which  the  investment  in 
its  constructive  or  manufacturing  enterprises  (destruction  of 
existing  capital)  is  kept  small,  and  the  productive  or  earning 
power  (creation  of  new  capital)  is  made  large.  The  difference 
between  the  two  is  the  so-called  "  profit "  (net  addition  to  exist- 
ing capital),  which  goes  indeed  into  the  control  of  those  who 
created  it  by  perceiving  the  (supposed)  opportunity  or  necessity 
and  using  their  own  means  at  their  own  risk  to  supply  it ;  but  it 
is  not,  therefore,  for  the  true  interest  of  any  .person  or  class  to 
make  it  less  by  increasing  the  investment,  for  otherwise  there  is 
a  waste  which,  as  it  benefits  no  one,  indirectly  injures  all.  Not 
even  the  laborer  who  uses  up  a  portion  of  the  wasted  capital  is 
really  the  gainer;  for  if,  on  the  one  hand,  the  capital  spent  (1.^., 
destroyed)  for  construction  or  plant  be  needlessly  large,  although 
the  poor  man  gains,  for  the  time  being,  wages  which  he  would 
not  otherwise  receive  from  that  particular  enterprise,  yet  it  is  as 
if  he  were  paid  wages  to  turn  a  crank  which  ground  no  grist — 
his  time  and  his  work  go  for  naught.  If  he  spend  half  his  time 
in  this  way  he  must,  in  the  long-run,  do  two  days*  work  for  the 
wages  of  one — a  condition  which  is  nearer  to  existing  in  railway 
enterprises  than  is  always  realized  or  admitted. 

Comparison  of  the  condition  of  laborers  in  coantries  and  ages  where  human 
labor  is  economized  (reduced  to  a  minimum  for  each  separate  service)  and 
where  it  is  not,  fully  establishes  this  important  economic  truth,  as  to  which 
many  false  notions  prevail. 

13.  On  the  other  hand,  if   the   proper  margin  of  profit  has 
been  reduced  by  reckless  and   costly  economies,  no  one  gains 
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even  the  semblance  of  benefit,  while  both  the  projectors  and  the 
patrons  of  the  enterprise  are  heavy  losers — the  projectors  ii> 
money,  the  patrons  in  convenient  service. 

These  two  vital  truths,  therefore,  which  directly  result  from 
what  has  preceded,  should  never  be  forgotten  :  that  because  a 
line  will  have  oris  expected  to  have  a  prosperous  future — because, 
perhaps,  it  is  to  be  built  by  the  State  for  great  reasons  of  state, 
or  for  any  other  reason  will  have  plenty  of  money  in  the  treasury, 
there  is  therefore  no  justification  in  that  fact  alone  for  making 
it  a  costly  road  as  well. 

On  the  other  hand,  no  road  is  so  poor  that  it  can  afford  to 
economize  when  certain  additional  expenditure  will  be  clearly 
very  profitable.  If  it  is  clearly  understood,  or  believed  for  good 
reason,  that  a  given  additional  investment  will  certainly  pay  lo 
or  15  or  25  or  50  per  cent,  as  the  case  may  be,  it  may  almost  be 
said  that  the  poorest  company  can  find  ways  and  means  for 
obtaining  the  capital,  if  the  facts  be  properly  and  clearly  pre- 
sented. 

14t  The  temptation  to  err  by  neglecting  these  axiomatic 
laws — which  is  always  present  with  every  one  in  laying  out  a 
railway — becomes  especially  difficult  to  guard  against  under  two 
circumstances  of  frequent  occurrence  : 

Firsiy  when  a  line  of  light  traffic  is  to  be  carried  through  an 
inherently  difficult  country,  so  that  the  cost  of  construction  must 
in  any  case  be  large.  The  tendency  to  look  on  a  slight  per- 
centage of  increase  in  cost  as  a  trifling  matter,  although  it  may, 
nevertheless,  involve  an  expenditure  out  of  all  proportion  to  the 
real  advantage  secured,  is  very  strong,  very  difficult  to  avoid, 
rarely  or  never  avoided  altogether.     Per  contra  : 

15.  Secondly y  when  a  line  of  comparatively  heavy  traffic  is  to 
be  carried  through  a  region  offering  small  natural  difficulties,  a 
dangerous  tendency  arises  of  an  opposite  character; — a  tendency 
to  unduly  exaggerate  the  importance  of  a  large  percentage,  and 
yet  small  aggregate  of  increased  cost.  This  tendency  is  especi- 
ally probable  and  dangerous  when  means  for  construction  arc 
limited,  or  when   the  margin  of  profit  on  the   enterprise  as  a 
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whole  is  liable  to  be  small :  a  fact  which  should  not  be  per- 
mitted to  exercise  any  influence  whatever,  except  through  its 
reflex  effect  on  the  rate  of  interest  on  capital.  The  most  usual 
and  most  unfortunate  form  which  an  error  of  this  kind  can  take 
is  the  adoption  of  unduly  high  gradients  to  efifect  a  really  trifling 
economy.  The  railways  of  the  Western  United  States,  as  al- 
ready noted,  have  suffered  greatly  from  this  cause. 

The  most  experienced  and  cautious  man  cannot  free  himself 
wholly  from  these  two  grave  errors;  the  inexperienced  engineer 
or  projector  should  therefore  be  continually  on  his  guard  against 
them. 

16.  It  has  seemed  essential  thus  to  lay  down  certain  prelimi- 
nary generalities  as  to  what  should  be  the  attitude  of  mind  of 
a  locating  engineer,  because  he  is  often  unconsciously  and  im- 
properly guided  in  his  actions  by  the  mere  bald  feeling  (whether 
justified  or  not  does  not  matter)  that  his  company  is  very  rich  or 
very  poor,  and  that  he  can  spend  or  must  save  accordingly. 
Supposing  him  to  enter  upon  the  work,  therefore,  with  that 
most  important  of  all  preliminaries,  a  correct  appreciation  of 
the  proper  basis  for  decisions,  the  problem  for  which  he  is  prop- 
erly responsible,  when  selecting  a  route  for  a  railway  whose 
construction  has  been  determined  on,  may  be  again  subdivided 
thus  : 

Firsty  and  by  very  much  the  most  important,  is  the  selection 
of  the  general  route  between  the  two  established  termini,  or,  as 
very  often  happens,  the  selection  of  one  or  both  termini  as  well. 

Secondly  comes  the  adaptation  of  the  line  in  detail  to  the 
topographical  conditions  which  exist  along  the  route  selected. 

17.  The  question  of  general  route  is  commonly  settled  by  the 
RECONNAISSANCE,  which  for  this  reason  must  be  classed  as  by 
far  the  most  important  duty  of  the  engineer  in  charge,  and  the 
one  for  which  it  is  most  essential  that  he  should  qualify  himself 
properly,  which  he  can  only  do  by  learning  to  estimate  and  give 
•due  relative  weight  to  all  those  circumstances  which  have  or 
may  have  a  bearing  upon  the  future  of  the  property,  as  well  as 
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to  judge  of  the  physical  possibilities  of  the  route  in  question. 
Otherwise — if  he  is  qualified  merely  in  the  latter  respect — his 
danger  is  a  double  one :  that  he  will  give  undue  weight  to 
purely  engineering  questions  as  against  commercial  and  pecuni- 
ary advantages  ;  or,  vice  versa^  that  the  desire  to  reach  such  and 
such  a  town  or  make  such  and  such  a  connection  may  work  in- 
jury to  the  property  considered  as  a  whole. 

The  reconnaissance,  in  the  broad  sense  here  given  to  the 
term,  viz.,  the  selection  of  the  entire  route  between  termini,  or 
even  in  cases  of  the  termini  themselves,  is  rarely  left  entirely 
to  the  engineer  or  to  any  one  person.  But  by  whomsoever  de- 
cided, there  is  the  same  danger  of  error  from  attaching  undue 
importance  to  some,  at  the  expense  of  other,  governing  con- 
siderations. 

18.  The  art  of  correctly  discerning  in  advance,  by  merely 
ocular  examination,  assisted  only  by  maps  and  a  few  portable 
instruments,  the  physical  possibilities  and  probable  cost  of  a 
projected  or  possible  railway  route,  and  of  making  the  most  ad- 
vantageous selection  from  the  possible  routes  (which  are  always 
numerous)  for  further  instrumental  examination,  is  sometimes 
supposed  and  stated  to  be  a  sort  of  "natural  gift,**  dependent 
upon  an  "eye  for  country,"  and  to  be  acquired  only  and  exclu- 
sively by  practice. 

As  with  most  popular  impressions,  there  is  a  foundation  of 
truth  in  this.  Certain  natural  qualifications  and  a  considerable 
amount  of  practice  are  essential.  Nevertheless,  the  acquirement 
of  reasonable  skill  and  competency  for  the  discharge  of  this 
most  responsible  of  all  duties  connected  with  laying  out  a  rail- 
way is  only  to  a  limited  degree  dependent  upon  practice  alone, 
or  increased  by  long  practice,  and  is  hardly  dependent  at  all 
upon  any  peculiar  "  natural  gift,"  other  than  a  natural  gift  for 
close  observation,  and  for  care  in  observing,  collecting,  and  re- 
membering those  facts  which  are  or  may  hereafter  be  important 
— qualities  which  are  apt  to  be  useful  for  other  purposes  as  well. 
There  are  certain  general  rules  and  methods  to  be  observed,  and 
certain  general  dangers  to  be  avoided,  which  can  be  laid  down 
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almost  as  certainly  as  if  the  art  of  reconnoitring  were  an  exact 
science,  and  which,  if  they  be  mastered  in  advance, — not  simply 
by  reading  them,  but  by  acquiring  a  habit  of  observation  and  of 
applying  them  to  hypothetical  instances, — will  enable  the  young 
engineer  of  very  limited  experience  to  go  into  the  field  better 
guarded  against  error  than  by  long  years  of  field  practice  alone ; 
for  the  latter,  in  location,  as  in  most  other  matters  which  re- 
quire something  more  than  the  mechanical  application  of 
methods  learned  by  rote,  is  quite  as  apt  to  confirm  erroneous 
opinions  as  to  inculcate  good  ones.  The  first  necessity  is  to 
form  correct  and  definite  ideas  as  to  what  a  railway  should  be, 
what  kind  of  a  railway  we  are  to  build,  what  are  the  conditions 
which  contribute  most  to  its  prosperity,  and  to  what  extent  they 
so  contribute,  in  order  that  the  reconnoitring  engineer  may  be 
prepared  to  form  on  the  instant  an  approximately  correct  idea, 
not  only  as  to  what  he  can  do,  but  as  to  what  he  ought  to  do,  in 
any  given  case,  and  to  decide  which  of  two  incompatible  ends 
should  be  sacrificed  to  the  other,  and  what  approximate  sum 
represents  the  difference  in  value  between  them.  Otherwise  the 
experienced  and  inexperienced  man  alike  are  in  imminent  dan- 
ger of  failing  even  to  discern  or  consider  what  are  really  the 
most  promising  possibilities — not  from  lack  of  an  "  eye  for  coun- 
try" or  training  in  the  field,  but  from  wrong  ideas  of  expe- 
diency. 

19.  It  necessarily  results  from  the  preceding  that  the  re- 
connaissance is,  of  all  his  duties,  the  one  which  the  responsible 
engineer  in  charge  should  personally  discharge,  and  never  un- 
der any  circumstances  delegate,  in  part  or  whole,  to  less  expe- 
rienced subordinates,  where  the  final  decision  may  be  seriously 
afifected  thereby. 

The  greater  portion  of  this  volume  will  be  devoted  to  the 
presentation  of  data  as  to  the  first  and  most  important  of  the 
duties  connected  with  the  reconnaissance  and  subsequent  sur- 
veys, determining  what  ought  to  be  done  ;  afterwards  con- 
sidering the  comparatively  simple  matter  of  how  to  do  it. 

20.  To  reach  entirely  correct  decisions  as  to  what  ought  to 
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be  done  requires,  it  is  plain,  that  we  should  not  only  have  a 
correct  idea  of  the  nature  of  a  railway  corporation's  finances  and 
of  railway  traffic,  but  that  we  should  foresee  exactly  the  volume 
and  sources  of  the  future  traffic,  and  the  details  and  probable 
amount  of  the  future  operating  expenses,  as  well  as  in  part  of 
the  future  revenues  ;  for  the  larger  the  probable  traffic,  the  more 
perfectly  adapted  to  its  cheap  handling  can  we  afford  to  make 
every  detail  of  the  line  ;  the  larger  the  probable  revenue,  the  less 
will  the  burden  be  felt  of  paying  interest  on  present  expendi- 
tures, etc.,  etc. 

21i  This  we  cannot  do.  To  foresee  such  details  perfectly  is 
impossible.  To  foresee  them  in  any  degree  we  are  obliged  to 
do  that  most  hazardous  thing — to  look  forward  to  and  "dis- 
count" the  future  ;  to  make — and  act  upon — what  is,  after  all, 
nothing  more  than  a  guess  at  the  probable  course  of  future 
events.  To  foresee  the  future  with  adequate  exactitude  even  in 
the  simple  case  of  improvements  on  an  old  road  is  difficult,  al- 
though we  have  a  definite  past  to  guide  us.  In  the  case  of  a  new 
road  it  is  still  more  difficult  to  approximate  to,  and  still  less  pos- 
sible to  reach,  an  exact  and  positive  result ;  but  nevertheless, 
especially  in  any  country  where  railways  already  exist,  estimates 
of  the  financial  importance  of  doing  or  not  doing  certain  things 
can  always  be  made,  by  proceeding  on  correct  principles  and 
using  proper  care,  vaich  shall  be  a  sufficient  guide  for  location, 
and  hence,  when  made,  should  always  be  carefully  followed  in 
preference  to  mere  "judgment"  and  guesswork  pure  and  sim- 
ple. The  uncertainty  as  to  the  exact  requirements  to  be  ful- 
filled by  the  works  when  completed  is  a  disadvantage,  indeed, 
which  cannot  be  escaped  ;  but  the  more  difficult  it  is  to  reach 
absolute  correctness,  the  greater  need  we  have  of  some  guide 
which  shall  reduce  the  unavoidable  guesswork  to  its  lowest 
terms,  and  so  save  us  from  the  manifold  hazards  which  result  from 
not  only  guessing  at  facts,  but  at  the  effect  of  those  facts.  What- 
ever care  we  use,  we  can  never  attempt  with  success  to  fix  the 
exact  point  where  economy  ends  and  extravagance  begins  ;  but 
what  we  can  do  is  to  establish  certain   narrow  limits  in  either 
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direction,  somewhere  within  which  lies  the  truth,  and  anywhere 
outside  of  which  lies  a  certainty  of  error.  Due  judgment  and 
caution  require  that  we  should  do  so  ;  and  this  is  what  we  do 
effect  when  we  make  as  careful  an  estimate  as  possible  of  the 
details  of  the  problem  and  accept  the  final  result  as  an  absolute 
guide. 

The  following  three  tables  (i  to  3),  while  containing  data  otherwise  useful,  and 
to  which  we  shall  have  occasion  to  refer,  bring  out  vividly  the  enormous  indi- 
rect benefits  of  railways,  which  have  much  to  do  with  the  construction  of  many 
lines  otherwise  profitless,  as  notably  in. Canada  and  Mexico,  where  the  govern- 
ment has  (very  properly  and  wisely)  paid  heavy  subsidies  to  secure  the  con- 
struction of  otherwise  profitless  lines.  The  same  has  been  true  to  a  large  ex- 
tent in  the  United  States,  both  as  respects  the  general  government.  States,  and 
private  individuals  and  corporations.  Nearly  all  the  increase  in  the  valuation 
of  the  United  States  since  1850,  as  shown  in  Table  2,  may  be  said  to  be  due  in- 
directly to  railways,  since  without  their  aid  a  much  greater  valuation  than  ex- 
isted in  1850  would  have  been  impossible. 

Table  1. 
Estimated  Total  Wealth  op  the  United  States. 

[Abstracted  from  U.  S.  Centus,  1880,  Report  of  H.  Gannett,  Special  Agent.] 


Items. 


Hallways  and  equipment. 
Farms 


Residence  and  business  real  estate,  including  water- 
power 

Telegraph,  shipping,  and  canals 

Live-stock,  farming  tools,  and  machinery 

Household  furniture  and  personal  clothing,  etc 

Mines  and  quarries,  including  6  mos.  average  output 
estimated  as  on  hand 

Three  fourths  of  annual  product  of  agriculture,  manu- 
factures, and  importations,  estimated  as  on  hand 

Churches,  schools,  and  public  buildings  not  taxed 

Specie 

Mechanics'  tools  and  miscellaneous 


Total  wealth  of  United  Sutes,  June,  1880. 


Percent. 


12.69 
23.37 

22.64 
.96 

5.51 
11.46 

1.79 

14. II 

4.58 
1.40 

1.49 
100.00 


Note. — Including  the  mileage  which  was  under  construction  at  the  time  of  the  census, 
4Uid  money  spent  on  abandoned  grading,  there  may  have  been  the  equivalent  of  some 
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Valuation  p«k  Hkad  and  Total  Truk  Valuation  of  bach  State  of  tkb 
United  States  since  1850,  by  Decennial  Periods. 

(AbtURCMd  Ittaa  Vol.  VII,  a(  iSSa  Cenius.    The  nlutiou  preceding  iSre  include  ituic*  u- 
penooal  propeny.  u  thai  much  of  Itae  apparent  (ailing  offli  Bctltioua.] 
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95,000  miles  in  the  country,  indicating  that  the  average  value  placed  on  it  is  a  little  less 
than  $60,000  per  mile.  This  corresponds  closely  with  the  aggregate  of  stock  and  bonds 
per  mile  (Table  32),  but  it  represents  value  and  not  cost,  and  the  latter  has  probably  not 
been  over  $35,000  to  $40,000  per  mile  in  cash,  which  would  make  the  actual  cost  of  the 
railways  is  not  over  7^  to  8  per  cent  of  the  national  wealth.  Yet  at  least  three  quarters  of 
the  enormous  aggregate  may  be  said  to  be  the  direct  result  of  railways,  since  without  them 
it  could  never  have  existed.  In  other  words,  every  dollar  of  cash  invested  in  railways  has 
on  an  average  added  $6  to  $8  to  the  national  wealth;  a  fact  which  has  had  much  to  do 
with  the  construction  of  railways  which  were  not  directly  profitable. 


Table  3. 
Railway  Capital  and  Public  Wealth  op  the  World. 

[Reconstructed  and  Revised  from  Mulhairs  '*  Dictionary  of  Statistics."] 


United  States 

Canada 

Australia. 

United  Kingdom 

France 

Germany 

Russia 

Austria 

Italy 

Spain 

Portugal 

Belgium 

Holland 

Denmark 

Sweden  and  Norway. . . 

Swiuerland 

Turkey,  etc 

Total  Europe 

Grand  Total 


Popu- 
lation. 

Total 
Railway 
Capiui. 
MiliioQs. 

Per 
Mile  of 

Per 

Inhabi- 

National 
Wealth. 

1880. 

Railway. 

tant. 

Millions. 

X  —  x,ooo. 

% 

% 

% 

% 

50,410 

5.780 

55.300 

112 

50.340 

4.340 

349 

46.700 

83 

3,160 

2,880 

272 

50,500 

97 

2,900 

34,650 

3.740 

203,000 

"7 

42,300 

37.430 

2,400 

133.000 

63 

39.200 

45.260 

2,270 

102,300 

49 

30.700 

84.440 

1.500 

99.500 

19 

19,860 

37.830 

1,286 

100,300 

34 

19,000 

28,910 

524 

94.200 

19 

10,820 

16,290 

383 

79.600 

24 

7,620 

4.350 

58 

74.800 

15 

1.648 

5.480 

296 

109,200 

53 

5.720 

4.060 

131 

90.300 

34 

5.450 

1.960 

49 

50,000 

24 

1,720 

6,560 

155 

32,000 

24 

3.580 

2,810 

160 

97.200 

58 

1.502 

17,250 

117 

64,600 

10 

3.490 

312,990 

13.069 

117,200 

39 

192  600 

370,620 

19.470 

84,700 

49 

249,000 

Ratio  of 
Railway 
to  Total 
Capital. 

Per  cent. 
II. 4 
II. I 
9-3 

8.8 
6.1 

7.1 

7.7 

6.5 
4.8 

5.1 
3.3 
5.3 
2.4 
2.8 

4.3 
10.7 

3.3 

6.7 
7.8 


The  above  statistics,  except  population,  are  mostly  for  the  year  1882.  Many  errors  and 
inoonsistendes  probably  exist  in  this,  as  in  all  similar  estimates.  No  great  accuracy  is 
poeible  in  them. 

According  to  Mulhall  the  wealth  of  Britain  has  more  than  doubled  in  the  past  40  years, 
and  quadrupled  in  70  years.  While  the  indirect  benefits  of  railwajrs  have  been  far  less  in 
Europe  than  in  the  United  States,  it  is  tolerably  certain  that  at  least  40  per  cent  of  the 
present  wealth  of  Europe  would  not  exist  except  for  them. 


CHAPTER  IL 

THE   MODERN   RAILWAY   CORPORATION, 

22.  Modern  railway  corporations,  even  the  strongest  of  them, 
have  but  a  narrow  margin  for  mistakes.  It  is  important  that 
we  should  have  that  fact  clearly  before  the  eyes,  and  the  reasons 
why  it  must  be  so,  in  order  that  the  atmosphere  of  wealth  which 
surrounds  the  period  of  construction  may  not  beguile  us  into 
folly. 

The  origin  of  most  modern  railway  corporations  is,  in  its 
economic  aspects,  about  as  follows  :  A  certain  number  of  men 
conclude  that,  for  anyone  of  the  reasons  before  considered, there 
is  sufficient  need  of  a  railway  in  a  certain  region  to  make  it,  when 
completed,  worth  more  than  it  has  cost  to  those  who  have  built 
it,  so  that  a  "  profit,"  or  creation  of  a  greater  value  than  the 
expenditure,  will  accrue  to  them. 

Ordinarily,  this  sanguine  expectation  is  at  least  so  far  justi- 
fied that  the  property  when  completed  is  worth  to  some  one,  in 
one  way  or  another,  all  or  nearly  all  it  has  cost,  although  there 
may  be  no  great  profits.  In  any  rapidly  growing  country,  like 
the  United  States,  the  general  rule — subject  to  numerous  and 
painful  exceptions — has  been  and  is  that  railway  properties,  like 
other  enterprises  of  the  kind,  tend  to  be  very  productive,  and  to 
eventually  rise  in  value  far  above  their  real  cost,  often  to  many 
times  their  cost. 

23.  For  this  reason  it  has  very  frequently  happened  in  the 
United  States  that  enterprises  have  appeared  to  be  of  so  sound 
a  character  that  they  have  been  almost  immediately  able  to 
borrow  on  mortgage  their  entire  capital  for  construction,  or 
even  a  still  larger  sum,  and  the  original  projectors  and  true 
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"owners"  of  the  property  have  not  been  required  to  invest  any- 
thing whatever  in  the  property  themselves  beyond  their  original 
sagacity  in  initiating  the  enterprise — a  quality  which  has  its 
value  in  railway  business,  as  in  most  other  human  affairs.  In 
all  cases  they  can,  if  they  choose,  borrow  on  mortgage  whatever 
sum  they  can  make  capitalists  believe  is  or  will  be  the  minimum 
value  of  the  property.  Usually  they  not  only  choose,  but  are 
compelled  to  do  this. 

24.  The  original  projectors,  who  alone  appear  in  the  manage- 
ment of  the  enterprise,  and  who  alone  constitute  what  is  known 
as  "  the  Company,"  then  simply  make  good  the  deficiency,  if 
there  is  any  deficiency,  in  the  means  for  construction;  assuming 
what,  in  the  general  opinion,  is  the  whole  risk  of  the  enterprise. 
For  taking  this  risk,  as  well  as  for  their  services  in  initiating  and 
carrying  on  the  enterprise,  they  obtain  nothing  more  than  what 
may  be  called  the  speculative  interest,  viz.,  that  portion  which 
fluctuates  with  and  depends  solely  upon  the  skill  and  good  judg- 
ment with  which  the  property  has  been  originally  planned  and 
is  afterwards  managed;  which  may  b,e  wiped  out  in  a  moment 
or  may  become  very  valuable. 

25.  This  interest  is  in  modern  times  supposed  to  be  repre- 
sented by  the  stock  or  (in  England)  "  shares,"  although  the  line 
between  stock  and  bonds  or  mortgage  securities  is  not  always 
sharply  drawn.  The  proportion  which  the  stock  and  bonds 
bear  to  each  other  varies  greatly  in  different  parts  of  the  United 
States  and  of  the  world.  In  regions  where  capital  is  abundant, 
and  there  are  small  chances  of  either  great  loss  or  great  gain, 
those  who  believe  in  the  enterprise  and  would  be  willing  to  lend 
money  on  its  minimum  value  will  prefer  to  own  it  outright,  and 
few  or  no  mortgage  bonds  will  be  issued.  Such  is  the  case  in 
England  and  on  the  Continent.  In  a  country  where  the  future 
is  all  uncertain,  but  where  population  and  traffic  is  advancing, 
literally,  by  leaps  and  bounds,  and  where  the  future  is  so  ''  dis- 
counted "  (as  it  is  all  but  inevitable  that  it  should  be)  that  lines 
are  built,  not  for  the  traffic  which  exists  but  for  the  traffic  which 
6  to  come,  the  opposite  conditions  will  all  but  inevitably  prevail. 
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The  bonds  themselves  will  then  partake  of  a  speculative  char- 
acter, and  will  involve  as  much  hazard  as  large  investors  can  be 
persuaded  to  consent  to.  Consequently  there  will  be  a  constant 
tendency  for  roads  to  be  "built  on  bonds,"  the  bondholders 
being  in  fact  sharers  in  the  speculative  risk,  but  to  a  less  extent. 
The  limits  of  doubt  as  to  the  future,  between  the  maximum  and 
minimum  value  of  the  property,  being  a  large  one,  they  know- 
ingly assume  a  portion  of  this  risk,  leaving  it  to  the  nominal 
**  Company"  to  manage  the  property,  and  trusting  that  they  will 
manage  it  as  skilfully  as  they  can,  as  their  own  sole  chance  of 
reaping  a  profit  for  themselves. 

These  latter  conditions  are  well  known  to  obtain  more  fully 
in  the  United  States  than  in  any  other  considerable  region  of  the 
world,  and  on  that  account  it  is,  and  not  primarily  from  differ- 
ence of  laws  or  business  habits,  that  the  railway  system  of  the 
United  States  has  been  built  to  so  much  larger  extent  than  else- 
where on  borrowed  capital  represented  by  bonds. 

26.  Under  conditions  involving  so  large  an  element  of  specu- 
lative uncertainty,  as  well  4s  such  great  probabilities  of  ultimate 
profit,  many  abuses,  much  feverish  excitement,  many  deceptive 
exaggerations  both  in  good  faith  and  in  bad  faith,  much  gaining 
of  something  from  nothing,  many  cases  of  visionary  folly,  of  sad 
disappointment  and  of  deliberate  fraud,  are  all  but  unavoidable  ; 
yet  in  the  conditions  themselves  there  is  nothing  either  surpris- 
ing or  reprehensible  or  avoidable.  We  have  seen,  in  a  much 
exaggerated  form,  the  same  causes  producing  the  same  effects 
in  the  oil  excitement  of  1863-5,  yet  they  were  but  the  collateral 
evil  effects  of  a  movement  in  itself  in  every  way  healthy  and 
normal,  and  they  ceased  with  the  period  of  rapid  expansion  and 
sudden  and  irregular  profits. 

So  with  the  organization  of  our  railways.  The  existing  con- 
ditions, with  all  their  collateral  evils,  are  in  the  main  healthy 
and  natural ;  and  whether  good  or  bad,  cannot  be  expected  to 
materially  change  until  the  process  of  rapid  development  and 
advance  in  wealth  has  ceased,  which  will  not  probably  be  for 
many  decades.     Until  that  time  railways  will  continue  to  be 
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largely  built,  as  they  are  built,  on  bonds  and  faith  and  hope, 
with  a  narrow  margin  of  financial  safety. 

27i  It  is  often  claimed  that  the  existence  of  these  conditions 
is  an  evidence  and  result  of  a  greater  national  rashness  in  doing 
business,  but  this  is  true  only  to  a  limited  extent.  The  main 
reason  is  that,  owing  to  the  rapid  development  of  the  United 
States,  the  margin  of  positive  and  certain  value  has  seemed  to 
capitalists  to  be  larger,  and  the  minus  side  of  the  speculative  and 
dubious  element,  the  proper  allowance  for  possible  depreciation, 
has  appeared  to  be  less.  The  same  general  law  obtains,  and 
always  has  obtained,  throughout  the  world,  that  such  properties 
are  always  built  on  borrowed  money  up  to  the  limit  of  what  is 
regarded  as  their  positive  and  certain  minimum  value.  The 
risk  only,  the  dubious  margin  which  is  dependent  upon  sagacity, 
skill,  and  good  management,  is  assumed  and  held  by  the  Com- 
pany proper  who  control  and  manage  the  property. 

Thus  it  happens  that  in  America,  and  in  an  increasing  degree 
throughout  the  world,  the  nominal  "  Company,"  which  the  engi- 
neer and  all  other  officers  serve,  and  which  exercises  full  control 
over  the  entire  property  for  the  time  being,  although  in  theory 
it  is  the  real  owner  of  the  property,  is  not  such  in  fact.  All  it 
really  owns  is  a  contingent  interest  in  the  results  of  its  own 
sagacity  and  skill  in  creating  a  property  which  shall  be  in  fact 
worth  more  than  what  lending  capitalists  consider  its  minimum 
probable  value.  Their  small  payment  for  this  contingent  inter- 
-est  (if  they  pay  anything  at  all)  is  precisely  equivalent  in  its 
nature,  although  less  objectionable  morally,  to  what  is  called  a 
"  margin"  on  stocks—  it  is  sufficient  only  to  cover  the  financial 
risk  of  the  enterprise,  or  the  difference  between  the  actual  and 
necessary  cost  and  the  general  estimate  of  the  minimum  value  of 
the  line  when  completed,  which  is  represented  by  various  forms 
of  bonds. 

28.  The  essential  truth  of  this  general  summary  is  not  de- 
creased by  the  fact  that,  to  be  entirely  correct,  it  should  take 
note  of  many  apparent  anomalies  and  exceptions.  Thus  it  not 
infrequently  happens  that  the  issue  of  "  mortgage  bonds/'  and 
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even  t^ie  cash  received  for  them,  is  alone  far  greater  than  the 
actual  investment,  and  still  .more  frequently  that  a  large  propor- 
tion of  the  bonds  are  "  taken"  ("  convey"  the  wise  it  call)  and 
held  by  the  original  incorporators.  Usually,  in  such  instances, 
the  second  or  third  or  fifteenth  mortgage  bonds  are  in  reality 
the  stocky  and  represent  the  speculative  interest  dependent  upon 
management;  which  in  that  case  very  properly  controls  the  prop- 
erty, either  in  law  or  fact.  In  that  case  too,  when  the  property 
is  not  a  productive  one  and  a  necessity  arises  for  more  capital  to 
enable  it  to  hold  its  own,  some  new  device,  "  prior  lien"  bonds 
or  what  not,  is  used  to  transfer  the  true  mortgage  interest, 
involving  no  risk,  to  new  parties,  in  lieu  of  those  who  originally- 
held  it,  or  thought  they  did.  Per  contra^  when  the  property  has 
been  successful,  then  begins  the  process  of  "  watering,"  so  called^ 
i.e.,  increasing  the  stock  or  bonds  by  new  issues  until  their  total 
amount  bears  a  nearer,  or  at  least  more  satisfactory  relation  to 
the  present  value  or  productive  capacity  of  the  property,  as  dis- 
tinguished from  its  original  cost.  There  have  not  been  wanting 
gross  frauds  and  impositions  in  this  practice,  as  is  not  unknown 
in  other  business  matters  ;  but  in  its  essence  it  is  an  entirely 
legitimate  and  proper  business  transaction,  in  the  nature  of  a 
capitalization  or  '' salting  down"  of  realized  business  profit,  and 
belonging  as  justly  to  the  holders  of  the  property  as  the  corre- 
sponding rise  in  the  value  of  other  real  property.  A  certain 
argument,  whose  force  in  certain  individual  cases  is  universally 
recognized  by  intelligent  men,  can  be  made  against  the  reten- 
tion by  the  individual  of  all  such  "  unearned  increment,"  but  in 
the  general  judgment  of  mankind  the  argument  on  the  other 
side  is  immensely  stronger.  The  only  legitimate  distinction  in 
this  respect  between  railway  property  and  any  other  real  estate 
is  that  the  nature  of  its  origin  as  a  creature  of  the  State  justi- 
fies a  demand  that  its  monopoly  powers  shall  not  be  used  op- 
pressively, to  charge  more  than  a  fair  equivalent  for  service,  as 
measured  by  practice  elsewhere  or  on  other  kinds  of  traffic, 
under  similar  circumstances  ;  but  the  just  increase  in  value  of  a 
well-located  railway,  which  does  not  abuse  its  monopoly  powers 
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\ti  make  unjust  exactions,  is  fairly  the  property  of  the  owners, 
however  large,  unless  and*  until  the  public  are  prepared  to  in- 
sure the  investors  a  certain  minimum  return  as  well  as  deny 
them  the  unccruio  maximum. 

It  may  be  added,  that  the  mortgage  or  bonding  process  is 
carried  on  to  a  greater  extent  in  railway  than  other  business, 
simply  because,  unlike  most  other  business  enterprises,  a  certain 


considerable  fraction,  but  only  a  fraction,  of  the  income  of  their 
property  is  in  the  nature  of  a  monopoly  which  no  conceivable 
circumstances  can  destroy. 

39.  The  annual  interest  on  these  various  forms  of  mortgage, 
together  with  fixed  rentals  of  leased  property,  which  are  of  the 
same  nature.  Constitute  what  are  known  as  the  fixed  charges, 
by  which  a  laree  proportion  of  net    revenue  is  always  absorbed 


■-- 

/- 

If 

m«m 

/ 

H 

V.' 

*»*" 

■ 

Operatinp  fKpe'isei 

34       CJ/AP.   II.— THE  MODERN  RAILWAY  CORPORATIO!^. 

on  the  most  prosperous  properties — very  frequently  nearly  the 
whole  of  it,  and  not  unfrequently  a  good  deal  more  than  the 
whole  of  it,  if  all  such  charges  were  paid. 

In  tables  immediately  following,  the  fact  that  these  are  the 
conditions  which  actually  exist  is  clearly  brought  out,  and  if 
they  were  more  generally  realized  by  engineers,  and  by  railroad 
officers  generally,  during  the  period  of  construction,  it  can  hardly 
be  doubted  that  it  would  lead  to  more  careful  study  of  the  art  of 
obtaining  the  utmost  possible  value  from  the  money  expended; 
but  there  are  few  men  who  are 
not  elated  and,  as  it  were,  in- 
toxicated by  having  their  pock- 
ets full  of  borrowed  money,  even 
when  the  responsibility  is  all 
theirown,and  on  so  small  a  scale 
that  its  length,  breadth,  and 
depth  can  be  readily,  grasped. 
When  the  further  danger  is  add- 
ed of  dividing  up  the  responsi- 
bility among  a  dozen  or  more, 
each  of  whom  sees  millions  in 
»  sight,  which  in  his  eyes  are  "  the 
j"  Company's,"  and  not  the  Com- 
pany's creditors',  and  a  small 
part  of  which  will  suffice  for  all 
HBBN),  iBts-isss.  possible  requirements  of  his  de- 
partment, the  impulse  to  spend 
money  freely  may  well  become  too  great  for  average  human 
nature  to  resist ;  so  that  the  enormous  sums  of  borrowed  money 
handled  Ay\r\a^  construction  will  create  an  atmosphere  of  wealth 
leading  to  a  rash  improvidence,  which  has  been  the  chief  cause 
of  the  bankruptcy  of  many  lines.  As  the  engineer  has  the  first 
"  whack"  at  the  Company's  funds,  and  at  a  lime  when  the  judg- 
ment of  the  coolest  men  is  most  likely  to  be  tossing  about  on 
the  dancing  waves  of  a  "boom"  at  its  very  height,  his  danger  is 
particularly  great ;  and   he  especially  should  realize   that   thb 
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RULE  with  new  American  railways  is,  and  must  continue  to  be, 
that  a  very  moderate  percentage  of  difference  in  either  the  first 
cost,  or  the  operating  expenses,  or  (above  all)  the  revenue,  means 
to  the  original  projectors,  whom  alone  he  serves  or  knows,  all 
the  diCFcrence  between  success  and  failure. 


In  Figs.  I,  2.  and  3  is  shown  graphically  how  very  small  is  the  margiin  c 
profit  which  makes  the  difference  between  solvency  and  insolvency  even  in  th 
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soundest  companies.  These  lines  have  not  been  chosen  as  specially  marked 
examples  of  the  ordinary  fluctuations,  but  on  the  contrary  are  naturally  very 
strong  properties — so  good  that  their  stock  has  ranked  for  years  together  amoag^ 
the  best  investment  securities.  Yet  out  of  the  millions  which  they  take  in 
yearly  it  will  be  seen  how  small  a  margin  is  left  over  for  distribution  to  the 
stockholders  in  many  years,  and  what  a  heavy  percentage  of  advantage  to  the 
stockholders  results  from  a  very  small  percentage  of  increase  in  the  gross  re- 
ceipts, or  of  decrease  in  the  operating  expenses  or  (in  much  less  degree)  fixed 
charges.  The  gain  of  all  gains  for  a  railway  to  secure  will  be  seen  to  be  addi- 
tional revenue. 

30.  In  fact,  the  situation  is  somewhat  worse  than  if  the  Com- 
pany merely  began  business  with  a  heavily  mortgaged  prop- 
erty owned  in  fee.  The  theory  that  the  Company  is  the  owner 
in  fact,  as  it  is  in  form,  of  the  entire  property,  and  has  simply 
placed  certain  mortgages  upon  it,  is  convenient  and  in  a  sense 
true ;  but  it  more  correctly  corresponds  with  the  real  facts  which 
prevail  in  the  United  States,  and  for  the  most  part  throughout  the 
world,  to  consider  that  the  mortgage  interest  itself  builds  and 
owns  the  real  property,  as  a  man  might  build  a  house  or  factory 
to  rent  to  others,  induced  thereto  by  the  allegations  of  the  man- 
aging Company  that  in  that  case  they  can  and  will  earn  and  pay 
a  fair  or  a  large  rental  on  the  property  from  the  profits  of  the 
business  which  they  propose  to  carry  on  with  the  property  and 
plant  furnished. 

31.  This  is  the  truer  manner  of  looking  at  the  facts,  both  be- 
cause the  "mortgage"  is  ordinarily  far  in  excess  of  the  mort- 
gaging value  of  the  property  as  property,  closely  approximating 
to  and  often  exceeding  its  cash  cost,  and  because  the  property 
itself  is  all  but  absolutely  worthless  except  for  the  one  particular 
business  which  it  was  built  to  carry  on,  so  that  the  loan  or  mort- 
gage involves  the  determination  that  the  property  on  which  the 
money  is  lent  is  worth  its  cash  cost  for  any  one  to  **  operate,"  if 
the  managing  company  should  fail  to  do  a  profitable  business 
with  it.  And  as  the  full  cost  of  all  the  fixed  property  is  then 
always  (practically)  advanced,  and  frequently  the  cost  of  all,  or 
most  of,  the  portable  plant  (rolling  stock)  in  addition,  the  nomi- 
nal mortgage  interest  is  so  large  that  it  really  amounts  practi- 
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cally  to  an  ownership  interest  in  the  real  property  ;  and  all  that 
the  mortgage  interest  does  not  own  is  the  immaterial  franchise, 
which  necessarily  goes  with  the  property  when  and  if  they  as- 
sume cont;,rol  of  it.  This  is  the  additional  security  which  makes 
the  nominal  mortgage  interest  a  real  one,  except  that  usually, 
the  operating  company  are  obliged  either  to  invest  some  money 
themselves  in  plant  to  borrow  the  rest  of  it,  or  to  throw  in  an 
interest  in  the  business  (stock)  in  order  to  persuade  outsiders  to 
build  the  plant.  Very  frequently, — in  fact — usually,  individuals 
in  the  operating  company  (stockholders)  also  lend  money  (buy 
bonds)  for  the  erection  of  the  plant. 

32.  The  instances  where  the  original  projectors,  even  of  lines 
which  have  ultimately  proved  well  justified  and  highly  success- 
ful, have  been  ruined  by  depleting  their  means  too  rapidly  with 
unwarranted  or  deferable  expenditures,  and  have  been  compelled 
to  yield  their  control  of  the  property,  almost  on  the  eve  of  its 
success,  have  been  very  numerous.  A  single  instance,  selected 
almost  at  random,  of  the  startling  vicissitudes  to  which  such 
properties  are  subjected,  and  of  the  dangers  of  the  most  merito- 
rious enterprises  from  the  long  periods  of  depression  through 
which  they  usually  have  to  pass  soon  after  their  construction, 
and  from  the  scanty  means  of  the  original  projectors,  may  be  in- 
structive. 

33.  Within  ^  few  years  after  its  construction,  what  has  since  become 
the  St.  Paul,  Minneapolis  &  Manitoba  Railway,  then  the  St.  Paul  &  Pa- 
cific, was  a  very  striking  example  of  such  reckless  management  of  rail- 
way investments. 

Its  construction  began  in  the  flush  times  of  1872-3.  Working  then 
318  miles,  it  earned  only  $630,000  g^oss  and  $166,000  net,  the  latter  being 
at  the  rate  of  only  $523  per  mile  of  road.  Its  debt  (exclusive  of  stock) 
was  then  over  $50,000  per  mile,  and,  no  interest  being  paid  on  any  part 
of  ft,  a  receiver  was  appointed. 

In  1873-4  and  1874-5  the  net  earnings  were  still  less. 

In  1876-7,  an  extension  of  104  miles  into  the  Red  River  Valley  hav- 
ing been  completed,  the  net  earnings  were  nearly  doubled,  and  became 

$749  pci*  niile. 

By  1878,  although  the  bonds  of  the  Company  had  become  almost 
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worthless,  the  receiver  succeeded  in  completing  the  line  to  the  Dominion 
boundary,  in  time  to  save  a  large  land  grant,  and  the  better  days  of  the 
property  began  to  dawn  ; — five  years  too  late  for  the  original  projectors. 

A  new  company  was  then  organized,  purchased  the  line  at  foreclosure 
sale,  and  found  itself  the  possessor  of  the  422  miles  above  specified,  and 
143  miles  more,  with  a  bonded  debt  of  only  $7,266,000 — less  than  $13,000 
per  mile.  Then  first  the  land  grant  began  to  be  of  immediate  value. 
Immigration  was  flowing  in,  the  Canada  Pacific  was  building  beyond  it, 
wheat  began  to  rise,  and  a  property  which  had  been  almost  worthless, 
all  at  once  became  very  productive. 

The  boom  continued  until  1883,  and  its  progress  is  shown  in  Table  4. 

Table  4. 

Financial  History  of  the  St.  Paul,  Minneapolis  &  Manitoba 

Railway. 


Ybah. 

Miles. 

Earnings. 

Pass. 

Miles 
(Mil- 
lions). 

FrVht. 
Miles 
(Mil- 
lions). 

Land 
Sales. 
Acres. 

Aver'sre 
Rate, 
Cents 

Ton. 

DiTi- 
dcnds. 

Gross. 

Net. 

Per 
Cent. 

1872—7^ 

3«8 
318 
42a 

$1,980 

$522 

749 

•  ■  •  • 

•  •  •  • 

•  •  •  • 

•  ■  •  • 

•  •  •  • 

•  •  •  • 

•  «  *      •  •  •  • 

•  •  ■  •      •  •  • 

•  tt  •  ■  •  •  ■  • 

•  •  •  • 

•  •  •  • 

•  •  ■  • 

***/"  / J ••••••••• 

i8ta-7C 

'"/^    IJ 

1876-77 

1870-80 

1.497 
x,497 
«.497 
1.497 

•  •  •  • 

•  •  •  • 

$4,471 
4,954 
7,159 
7.60s 

5,99a 
5,230 

$2,489 
2,607 

3.573 
3,995 
3,282 

3.0S7 

•  tt  •  • 

25.4 
54-4 
68.1 

53-5 
45.0 

•  •  •  • 

93-4 
X90. 

341. 
340. 
395- 

968,700 

97,900 

203,300 

104,250 

83,900  • 

65,600 

•  •  ■  • 

9.88 
9.5a 
X.9X 
x.79 
X.52 

* 

Au/y— WW 

1880-81 

X88X-82 

1882-83 

6^ 

9H 
8 

x88?-84 

Z884-85 

6^ 

By  the  end  of  1883  the  road  was  earning  net  more  than  anyroad 
westward  of  Chicago  except  two  (the  Rock  Island  and  Chicago  & 
Alton),  and  the  boom  was  at  its  height.  The  real  surplus  in  the  last  two 
years  had  been  enough  to  pay  nearly  twice  as  great  dividends.  Its  lines 
were  well  placed,  and  almost  completely  secured  to  the  Company  the 
possession  of  the  traffic  of  one  of  the  most  fertile  valleys  on  the  Con- 
tinent. 

Then  an  ebb-tide  set  in.  Immigration  and  the  price  of  wheat  fell  off, 
as  also  the  immense  traffic  from  the  construction  of  the  Canada  Pacific. 
A  competing  line  on  the  north  shore  of  Lake  Superior  was  opened. 
Rates  were  necessarily  made  much  lower,  and  for  the  two  additional 
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years,  which  alone  can  be  given  in  this  volume,  the  record  was  as  shown 
in  the  last  two  lines  of  Table  4,  the  contrast  between  which  and  the  last 
year  of  the  flush  period  is  notable. 

In  the  last  year,  in  spite  of  the  falling  off  in  prosperity,  which  had  in 
it  no  element  of  immediate  disaster,  bonds  to  the  amount  of  50  per 
cent  of  the  stock  were  *'  sold  "  to  stockholders  for  10  cents  on  the  dollar, 
which  was,  of  course,  equivalent  to  a  dividend  of  some  45  per  cent, 
more  if  the  future  of  the  property  did  not  belie  its  promise.  From  the 
point  of  view  of  the  public  interest  there  was  no  danger  of  this.  Its 
future  was  magnificent  and  assured.  As  respects  the  individual  owners, 
great  as  had  been  their  profits  to  date  from  securing  control  of  this  for- 
merly bankrupt  property,  this  was  and  is  far  less  certain. 

34.  The  instructive  feature  of  the  example  is  that  even  now  (1885), 
failing  any  one  of  these  following  conditions,  ruin  or  serious  loss  of  all 
recent  investors  in  the  stock  of  property  would  be  near  at  hand : 

1.  The  fixed  charges  are  only  $1358  per  mile,  whereas  double  that 
figure  or  even  more  would  be  more  usual.  At  the  latter  figure  a  com- 
bination of  many  causes  might  bring  the  net  earnings  below  it. 

2.  The  rapid  fall  of  rates,  which  otherwise  would  have  extinguished 
the  surplus,  was  met  by  important  improvements  of  the  main-line  grades, 
and  by  the  introduction  of  more  powerful  locomotives,  as  well  as  by  the 
natural  economies  resulting  from  heavier  traffic,  so  effectually,  that  in  the 
last  year  but  one  of  the  table  24  per  cent  more  freight  was  moved  with- 
out any  increase  of  engine  mileage. 

3.  The  revulsion  occurred  at  a  time  when  the  general  depression  of 
business  was  not  marked,  when  the  Company  was  not  embarrassed  by 
excessive  obligations  for  new  construction,  and  when  the  falling  off  in 
traffic  and  revenue  was  in  no  respect  panic-like.  Otherwise,  even  as 
sound  a  property  as  this  had  proved  itself  to  be,  had  it  entered  upon 
considerable  expenditure  for  new  construction  or  improvement,  based 
on  a  standard  conforming  to  the  present  large  earning  power  of  the  prop- 
erty as  a  whole  instead  of  the  probable  earning  power  of  the  additions, 
separately  considered,  might  well  have  found  itself  again  a  bankrupt. 

35.  That  such  contingencies  and  fluctuations  are  not  excep- 
tional, is  indicated  by  the  aggregates  of  railway  foreclosures, 
shown  in  Table  5,  which  in  1885  rose  to  the  aggregate  of  2880 
miles  with  $139,658,000  in  bonds  ($48,500  per  mile)  and  $120,- 
090,000  in  stock  ($41,700  per  mile)  or  $268,213,000  in  all  ($93,136 
per  mile)  the  bonds  alone  probably  representing,  as  is  so  com- 
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Table  9. 
Railway  Forsclosurbs. 


YSiUL 

Mikt. 

Capital  Stock. 
1  —  xooo. 

Fnaded  Debc 

1  =:  lOOCX 

FkMtiiic  Del>t. 

I  =  XOOOw 

1 

Total. 
I  =  xooo. 

I88I 

2.617 
668 

1. 190 
714 

$51,278 

20.751 

24.588 

12.894 

120,090 

$76,645 

23.999 

38,198 

13.061 
139.658 

($10,000?) 

10.074 

2.482 

423 
8.465 

$137,923 
54.824 
65.268 

26.378 
268.213 

1882 

1883 

1884 

AW*^.    ■■••••••■ 

1885.. 

Toul,  5  yrs... 

2,8do 

8,069 

$229,601 

$291,561 

$31,444 

$552,606 

Per  mile,  average 

$28,455 

$36,135 

$3,897 

$68,487 

Per  mile,  1885 

$41,697 

$48,499 

$2,940 

$93. 136 

The  above  is  compiled  from  "  Poor's  Manual,"  x886.  It  is  unquestionably  full  of  errors, 
but  no  authentic  or  complete  fig^ures  exist.  The  general  fact  that  the  bonds  and  stodcs 
of  bankrupt  lines  run  a  g:ood  deal  higher  than  those  for  solvent  lines  is  clear,  as  the  most 
serious  errors  are  probably  in  the  earlier  years. 

The  Commercial  and  Financial  Chronicle^  in  its  October,  1884,  Investors^  SuppU^ 
ment  presented  a  valuable  table  showing  the  railway  companies  now  in  default  on  pay> 
ment  of  interest  on  bonds.  Only  railways  in  the  United  States  are  included,  Mexican 
and  Canadian  lines  being  omitted,  and  only  the  particular  issues  of  bonds  are  taken  on 
which  default  is  made,  although  the  mileage  given  includes  all  operated  by  the  defaulting 
companies.  The  table  includes  all  companies  defaulting  during  the  period  covered,  whidi 
had  not  resumed  payment  in  full,  and  which  had  not  been  foreclosed  and  reox^niced. 
The  totals  are  summed  up  in  the  following  table,  in  which  comparison  is  made  with  the 
defaults  of  1873-76 : 


Mileage. 

Amount  of 
Bonds. 

Total  defaults.  October.  1884 

15.986 
121,592 

• 

$315,283,000 
3,455,040,283 

Entire  railroad  system  of  U.  S.,  Jan.  i,  1884 

Per  cent  of  defaults  to  total 

A  J  .   A«^                                                                        ^.    «_ 

Total  defaults.  i87'^-i876 

74,096 

$783,967,665 

2,175,000,00a 

36.04 

Entire  railroad  svstem  Tan.  i.  1876 

Per  cent  of  defaults  to  total 

Increase  in  mileage  and  bonds  during  five  years  pre- 
cedinfiT  Tan.  i.  1884 

39.818 
21,232 

$1,157,249,467 
♦636,960,000 

Increase  in  mileage  and  bonds  during  five  years  pre 
cedincT  Tan.  i.  1876 

*  Estimated  at  $jo,ooo  per  mUe. 
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The  whole  number  of  companies  in  default  in  1884  was  only  43,  against  197  in  the 
former  period.  In  the  former  period  of  defaults,  about  ao  companies  out  of  the  total  197 
that  were  embarrassed  were  old  railroads  that  were  well  established  and  once  had  a  pay- 
ing  business.  In  the  later  period,  out  of  43  companies  named  in  the  table,  none  can  be 
fairly  said  to  have  had  a  well-established  and  papng  business  on  the  basis  of  their  present 
lines  and  existing  liabilities,  unless  such  companies  as  Erie,  Wabash,  and  Reading  be 
classed  in  that  category. 

On  British  railways,  which  are  subject  to  far  fewer  vicissitudes  than  those  of  the  United 
States,  the  average  dividend  of  4M  per  cent  is  divided  approximately  as  follows, — United 
States  statistics  from  the  census  of  1880  being  added  for  comparison  : 


td  state*. 

BHtuh. 

18.8 

16.Z  per 

cent 

payi 

1.0  " 

10.3 

4.9" 

9.2 

3.3" 

3.1 

7.3" 

2.5 

334" 

1:.? 

31.7  " 

3ao  ♦♦ 

6.5 

1.0  ♦• 

7.4 

0.4" 

3-4 

0.4  ** 

3.9 

a6  *• 

• 

• 

• 

no  dividends. 

under  z 

percent 

3 

it 

3 

t« 

4 

«< 

5 
6 

«i 

« 

I 

II 

i« 

9 

41 

zo 

«« 

about 

15 

41 

While  exact  figures  on  which  to  base  a  judgment  are  not  available,  \i  is  not  probable 
that  more  than  one  fourth  of  the  existing  mileage  of  the  United  States  has  escaped  fore- 
closure proceedings  or  default  on  bonds  necessitating  a  receivership.  Many  roads  which 
are  now  among  the  strongest  properties  have  been  through  such  difficulties  several  times 
in  their  earlier  history;  while,  on  the  other  hand,  many  others,  like  the  Denver  &  Rio 
Grande,  Philadelphia  &  Reading,  and  other  strong  properties  whose  future  seemed 
assured,  have  been  overtaken  by  disasters  resulting  in  great  part  from  the  intoxication  of 
long-continued  success.  So  that  the  properties  are  few  indeed — and  those  mainly  the 
ones  which  build  no  new  lines — of  which  it  can  be  predicted  with  any  certainty  that  they 
may  not  become  insolvent  in  the  next  period  of  serious  depressioo. 


Table  6. 

Estimate  of  Future  Railway  Construction  in  the  United  States. 

[Prepared  by  Edward  Atkinson,  of  Massachusetts,  for  various  groups  of  States  as  described 

on  next  page.] 


Gbovf  or  Statbs. 


Class  L. . 
Class  II. 
Class  III 
Qass  IV. 
Class  V. . 

Totals. 


Mileage  tUU 

needed  from 

Jan.  X,  x88x. 

X9  yean. 


36,236 

27.199 

34.472 

9.652 

9,888 


"7.447 


Mileage  built 

from  Jan.  x, 

x88i,  to  Jan., 

X885. 

4  years. 


8.597 
5.282 

8.351 
2.893 

5,857 


30,980 


Per  cent 

total  estimate 

built  in 

4  years. 


24 
I9i 
24 
30 

59 


26.3 


Mileage  still 

needed  before 

A.D.  X900. 

15  years. 


27.639 
21,917 

26.121 

6.759 
4.031 


86,467 
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monly  the  case,  somewhat  more  than  the  actual  total  expendi- 
ture to  create  the  entire  property.  This  amounts  to  nearly  three 
per  cent  of  the  mileage,  and  over  four  per  cent  of  the  capitalized 
cost  of  the  entire  railway  system  of  the  country,  and  that  too  in 
a  year  which  was  in  no  respect  a  particularly  bad  one  finan- 
cially, as  will  be  seen  from  Table  5,  which  gives  similar  fig^ures 
for  several  years  back. 

36.  The  fact,  illustrated  by  the  history  just  given  of  a  road 
in  the  far  West,  that  the  intoxication  of  realized  success  will 
lead  even  prosperous  companies  to  assume  dangerous  and  reck- 
less liabilities,  becomes  especially  important  in  view  of  the  fact 
that  in  the  future  a  large  portion  of  the  new  mileage  will  be 
constructed  by  such  lines.  A  carefully  studied  forecast  of  the 
probable  mileage  to  be  constructed,  by  Mr.  Edward  Atkinson, 
made  in  1881,  and  confirmed  as  a  moderate  and  cautious  esti- 
mate which  .will  almost  certainly  be  exceeded  by  experience  up 
to  1885,  brings  out  this  fact  clearly,  in  addition  to  having  an  in- 
terest of  its  own,  and  is  given  in  Table  6. 

Description  of  Groups,  Table  6. 

Class  I.  consists  approximately  of  the  ix  States  lying  in  or  on  the  irregular  pentagon 
marked  out  by  Boston,  New  York,  St.  Louis,  Louisville,  Washington — estimated  to  have 
by  xooo  one  mile yo/  railway  per  4  square  miles ^  as  now  in  Massachusetts. 

Cflass  11.  consists  of  the  10  States  lying  immediately  to  the  north,  west,  and  south  of 
Class  L,  stretching  down  the  Atlantic  coast  to  Florida,  estimated  to  have  by  1900  ame 
mile  per  8  sq.  miles ^  or  half  of  Class  L 

Class  III.  includes  11  States  in  the  far  West  and  South,  with  one  mile  per  id  ^. 
miles^  or  half  of  Class  II. 

Class  IV.  includes  the  5  States  of  Maine,  Nevada,  Colorado,  Oregon,  and  California, 
with  one  mile  per  32  sq.  miles ^  or  half  of  Class  III. 

Class  V.  consists  of  Florida,  Dakota,  and  7  other  Territories,  with  one  mile  per  64  ^. 
miles. 

Total  United  States  mileage  when  estimate  was  prepared,  91,778;  estimated  total, 
1900,  309,225  miles.  This  estimate  assumes  an  average  future  construction  for  the  15 
years  after  1885  of  5,764  miles  against  an  average  of  7,745  miles  per  year  for  the  previous 
4  years.     The  estimate  is  almost  certain  to  be  largely  exceeded. 

Table  7. 
Progress  and  Extent  of  the  Railway  System  of  the  World. 

[Revised  from  Mulhall's  "  Dictionary  of  Statistics.'*] 


Milks  Open. 

Cost  (millions,  $). 

1840 

1850 

1860 

1870 

1880 

93.349 

17.945 
86,818 

31.804 

I80O 

1860 

1870 

1880 

United  States... 
United  Kingdom 

Continent 

-Canada,  etc 

9,8x8 

838 

«,074 

9,oai 

6,621 

8.3T1 

538 

30.635 

»o,433 
21,815 

4.228 

5ai9M 
»5.S37 
49020 

".339 

292 

x,i66 

652 

34 

1,094 

i,68s 

1.730 

243 

3,332 

2.573 

4.320 

860 

5,070 
3.640 
8.690 

2,OZO 

Total 

4-730 

24.491 

67.1  II 

130. 1 10 

229,916 

2.M4 

4-753 

10,084 

19.4*0 
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Table  B. 
Railitays  or  thb  World,  January  t,  1S84. 


[FroB  Prof.  A.  T.  Yi.tA\ef% 

i»U««.'T 

Ulkt. 

Capital  iDTBtcd. 

Per  Kill. 

A         ica 

140,000 

114,000 

11.600 

3.400 

6,500 

t8,400,ooo,ooo 

16,110,000,000 

775,000,000 

240.000,000 

335,000,000 

$60,000 

70,000 
50,000 

a7S.S»> 

|35,8so,ooo,ooo 

♦72,«» 

Gcrmanjr 

Great  Britain  and  Ireland. 

'Austria And  Hunganr 

Italy 

Spain 

Sweden 

Belitiuro 

Brilisb  India 

United  Slates 


iS,6oo 

IS, 500 
15,700 


LOCOID.      FlM- 


<iern)anr 

Great  Britain. 

Aiuttia 

Italy 

Belgium 

British  India.. 
"United  Stales. 


h  Table 
in  theie  fieuns-    It  should 
and  larger  than  (oreign,  and  that 
■nOTcd  19  far  (tEater. 


will  show  that  there  Is  ronsidenble  uncertainty 
American  roIling-sIock  is  much  heavier 
'erase  distance  over  which  each  passenger  or  ton  is 
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Table  9. 

Progress  op  American  Railway  Construction  by  Groups  of  States, 

AND  of  Foreign  Railway  Construction. 

188S 


Six  New  Bng^land  Sutes 

New  York,  New  Jersey,  Peona.. 

Delaware,  Maryland,  W.  Virginia 

Virginia,  N.  Ca.,  S.  Ca.,  Ga.,  Fla. 

Alabama,  Mist.,  La.,  Tenn.,  Ky.. 

Ohio,  Michigan,  Indiana,  Illinois. 

Wisconsin,    Minnesota,    Dakota, 
Iowa,  Nebraska,  Kan..  Mo 

Indian  Ter.,  Arkansas.  Texas,Col- 
orado,  Wyoming,  Montana 

Pacific  States  and  Territories 


Total  United  States. 


1860 

1866 

1860 

1866 

1870 

1876 

1880 

a,5o8 

3,469 

3,660 

3.834 

4,494 

5.638 

5,977 

a,8o7 

4,849 

5,841 

7,594 

9,709 

12,639 

13,865 

395 

624 

865 

945 

i,a8a 

x,8i6 

2,005 

X,620 

3,294 

5,1" 

5,228 

6,094 

7,047 

7,803 

415 

x,523 

3,7«6 

3,90J 

5,«35 

6,240 

7,008 

1,256 

4,173 

8,684 

9,646 

«3,J77 

18,879 

ax,964 

20 

394 

2,380 

3»20I 

9,506 

14,903 

22,259 

40 

345 

503 

1,583 

3,966 

6,58a 

8 

23 

233 

1,934 

2,968 

5,886 

9,0a  I 

18,374 

30,635 

35,085 

52,914 

74,096 

93,349 

6,31a 
16,973 

•,S66 
11,127 

9t675' 
«7,ioi 

31.527 

13.734 
9,954> 

128,967 


The  above  was  computed  from  the  tables  in  various  issues  of  **  Poor's  Manual,**  whidi 
also  g^vtt  data  for  the  following  tables,  corrected  yearly. 

Foreign  Countries. 


1840 

1846 

1860 

1866 

1860 

1866 

1870 

1876 

1880 

1884* 

Great  Britain 

France 

838 
271 
340 

2,536 

551 

I1429 

6,621 

1,879 

3^747 

38 

8,335 
3,459 
5,138 

Z,2X8 

10,433 
5,900 
7,2x2 

2,173 

13,289 
8,477 
9,105 
2,231 

15,537 

10,904 

12,136 

2,679 

16,658 

12,339 

17,317 

4,899 

17,933 

14,839 
20,900 

6,887 

18,851 

19.24? 
saiSia* 

Germany 

Canada 

9.571 

Total  Mileage  of  Railway  Constructed  and  in  Operation  in  the  United 
States,  for  each  Year  from  the  Beginning  of  Railway  Construction. 


I860 

1840 

1860 

1860. 

1870 

1880. 


0 

1 

2 

8 

4 

6 

6 

7 

8 

23 

95 

229 

380 

633 

1,098 

1,273 

1,497 

1,913 

a,8x8 

3,535 

4,026 

4,185 

4,377 

4,633 

4.930 

5.598 

5,996 

9,02  X 

10,982 

12,908 

15.360 

16,720 

18,374 

22,016 

24,503 

26,968 

30,635 

31,286 

32.X20 

33,170 

33.908 

35,085!  36,801 

39.250 

42,229 

52,914 

60,293 

66,171 

70.268 

72,385 

74,o96|   76.808 

79,088 

81,717 

93.349 

103,145 

114.713 

121,454 

1   5.379 

128,967 

a,3oa 

7,365 
98,789 

46,844 
86.463 


annual  increase. 


1880. 
1840. 
1860. 
1860. 
1870. 
1880. 


•    '    •   •    • 

72 

134 

151 

253 

465 

175 

a24 

416 

516 

7>7 

49» 

159 

192 

256 

297 

668 

398 

1,656 

1,961 

1,926 

2,45a 

1,360 

1,654 

3.642 

2,687 

2,465 

1.846 

651 

834 

1.050 

738 

1,177 

1,716 

2,449 

2,979 

6,070 

7.379 

5,878 

4.097 

2,117 

1,711 

2,712 

a,28o 

2,629 

6,876 

9.796 

11,568 

6.741 

3.825 

3,588 

389 

«.369 
x,8at 

4.6«5 
4.74« 
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Table  10. 

HiLEAGK,  Cost,  etc.,  of   European    Railways,  with   Total  Cost   op 
Construction  and  Average  Cost  per  Mile. 

[Rearranged  and  reoompotcd  from  the  Rtvu€  GdnirtUt  dt»  Chemin*  de  Fer^  x886.] 


CODMTRY. 


United  Kingdom., 


Belgliim. 
Fiaace.. 


Antto-Hvngasy. 


Switzerland. 

Spain 

Iwtaga] . . . . 

ROHU. 

Italy 

HoOand 


Norway. 


GaitMAinr  m  dbtaii/— 


BaTariau 

Sa»ay 

Wortemburg 

Baden 

Alaacc- Lorraine 

Other  German  Sutet 


Total  Germany 


MmOR  EUROPKAN  CotmTRiBS~- 

B<»niaand  Hertzegovina 

Bttlearia 

Finland 

Greece 

Loaemburg 

Roomania '. 

Torkey 


Miles. 
X883-5. 


18,864 


x,88g 

16,578 
ax  ,78s 

xa,6o3 


X.79S 

4»5So 

997 

x4,m6 

5.87X 
1,406 

3i975 
936 
970 


xo6,36x 

xa,636 
a,833 
x,434 


3,096 


ax,785 

Kilos. 
370 
s«a 
x,x8x 

92 

366 

x,503 
x,«73 


Cost. 

Millions. 


$3,895. xo 


334-45 
a,a32.3o 
a,a48.40 

1,979.80 


X84.88 
44a. 26 

00. XX 

1,389.30 

554  50 
127.34 

59-34* 
37-00 

33-5« 


$19,901.19 

«,309  40 
968.39 

X49-35 

110.95 

99.70 

310.61 


9,948.40 


4.837   (some  3.000  miles) 


Av.  Cost 
Per  Mile. 


$906,490 


X77490 
134,640 

X03,9XO 

xox,550 


103,000 
97,900 
97,900 
97,x68 
94,448 
90,918 

41,563 
39.96X 
34,548 


So.  Miles  per 
Mile  Ry. 


\ 


$I9X,300 

103,690 
94,7*8 
I04,X50 
"3,  MO 
X9x,88o 

100,398 


X03,9XO 


Eog....  4.4 
Scot...  X0.3 
Ire X3.0 

~l 

4-a 

XX. X 

9-4 
jAus....  14. 7 
1  Hung..  94.0 

x8.8 
0.9 

38.3 

37-9 
130.5 

18.5 
9-7 

4x7 

13.0 

X97.0 


39.9 

X0.9 
9-4 

7.0 


8.4 


9-4 

87.0 

X79.0 

X96.0 

x8oo.o 

4-4 

53  9 
XXX. 5 


Per  Cent 
Increase, 
One  Year. 


a. 03 
X.99 
a. OX 

X.9X 
a.X3 
a. 05 
a. 07 
9.98 
3.19 

3.30 

4.98 

4.86 

3. ax 
x.xa 
X.80 
x-97 


307 

X.76 
a. 36 
9.94 

«-9S 

X.96 


a. 07 


5x4 
X4-55 

9.99 
147.00 
0.97 
5.73 
7-54 


*  There  is  am  error  in  this  sum,  which  should  be  about  $100,000,000  greater— 150.66. 

The  last  three  columns  are  taken  (converting  metric  into  English  units)  from  the 
Statisque  des  Ckemins  de  Per  de  r Europe,  1882.     Vienna,  1885. 

According  to  other,  and  perhaps  more  authentic  figures,  the  railways  of  Great  Britain 
hav«  cost  $305,842  per  mile  of  road ;  the  Belgian  State  Railways,  $123,986 ;  for  the  French 
railways,  $124,643;  for  the  German  State  Railways,  $105,204;  the  German  private  roads, 
$71,877 ;  the  Austro-Hungarian  roads,  $104,420.  The  cheapest  system  of  Europe  is  the 
State  Railways  of  Finland,  $30,102;  the  other  Russian  railways  stand  at  $83,244,  against 
$63,250  per  mile  for  the  railways  of  the  United  States. 

The  whole  cost  of  the  railways  of  the  world  has  been  more  than  $24,000,000,000,  which, 
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however,  is  only  about  $24  per  inhabitant.  In  this  country  the  expenditure  has  been 
about  $133  per  inhabitant;  in  Great  Britain,  $107;  in  Germany,  $47;  in  France,  $57;  in 
Austria-Hungary,  $33;  in  Italy,  $19;  in  Belgium,  $41 ;  in  Sweden,  $35;  in  Spain,  $39; 
in  Russia,  $14 ;  in  Canada,  $89. 

In  France  and  Germany  railways  pay  about  5  per  cent  on  the  capital  invested,  as  an 
average ;  in  Great  Britain,  4  to  ^ ;  in  all  Europe  and  in  the  United  States,  about  4  per 
cent. 

Table  11, 

Extreme  Fluctuations  in  Price  of  the  Stocks  of  Various  Companies 
#  OF  Great  Natural  Strength. 

The  lowest  points  in  times  of  depression  (distinguished  by  an  1)  and  the  highest  price 
in  times  of  activity  (distinguished  by  an  h)  are  alone  noted,  except  that  in  the  last  column 
is  given  the  price  in  November,  1886.  The  list  has  been  selected  almost  at  random, 
regardless  of  their  actual  financial  status,  to  include  the  more  prominent  companies  which^ 
from  the  nature  of  their  traffic  or  other  strategic  advantages,  might  naturally  be  expected 
to  be  (as  for  the  most  part  they  are)  least  subject  to  erratic  fluctuations  of  value. 


Company. 


New  York  Central 

Erie  

Pennsylvania 

Baltimore  &  Ohio 

Central  of  New  Jersey. . . 

Boston  &  Albany 

Lake  Shore 

Michigan  Central 

Canada  So 

Pittsburp  &.  Ft.  Wayne. . . 

Chicafi^o  &  Alton 

Ch.,  Burlinpton  &  Q 

Ch.,  Mllw.  &  St.  P 

Ch.  &  N.  Western 

Ch..  Rocklsl.  &P 

111.  Central 

Atchison,Topeka  &  St.  F. 
Denver  &  Rio  Grande.. . . 

Central  Pacific 

Union  Pacific 

Louisville  &  Nash v 

New  York,  N.  H.  &  Hartf. 
No.  Pacific 


1878. 


'T^ 


135 
1X53M 


1879. 


18x9^ 


1880. 


1881. 


hx55%' 

•• 1*52% 

1 96      11140^ 

I1210 

I1113 

n»3oV8 

>  li  90 

I1142 

hi56 

hi82U 

I1129V4 

hi36 


I  16 


I1204 
hi  461^ 

hi52?^ 

l6iHhii3k4 

I  63      h  lOT^A 

»  »74         I  79 
n  190 


hioo^ 
I168 


1886. 


»9^ 


The  above  extremes  are  in  many  cases  brought  about  temporarily  only  by  the  machi- 
nations of  speculators.  In  many  cases  permanent  changes  in  the  nature  of  the  company 
have  also  had  great  influence.  On  the  other  hand,  these  fluctuations  of  stock  are  far  less 
than  the  fluctuations  in  the  productiveness  for  the  time  being  of  the  properties  represented 
by  them,  for  the  price  of  a  stock — neglecting  the  mere  momentary  fluctuations  of  a  few 
points  forced  for  the  sake  of  a  "  turn'*— is,  at  the  most,  merely  this :  It  is  the  speculators* 
estimate  of  what  permanent  investors  feel  for  the  time  being  to  be  the  permanent  aver- 
age value  of  the  stock.  For  there  are  always  large  holders  who  keep  in  mind  the  average 
value  of  the  property  during  good  times  and  bad  times  alike,  and  who  will  buy  or  sell  in 
quantities  large  enough  to  immediately  affect  the  price  if  they  think  it  is  falling  below 
the  present  worth  of  its  future  chances,  all  uncertainties  included. 
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Table  12. 
RoLLiN<f  Stock  Per  Mile  in  the  United  States  and  British  Colonies. 


Namb  of  Railway. 


New  England  States,  1883 

Middle  Sutes,  1883..    

Southern  Sutes,  1883 

Western  States,  1883 

Pacific  States,  1883 

Canadian  Pacific,  1885 

Intercolonial  of  Can., Halifax  to  Quebec,  1884 

Indian,  5  feet  6  inches  gauge 

India,  metre  gauge,  1884 

Ceylon  Government,  1883 

Mauritius  Government,  1884 

Queensland  Government,  1882 

New  South  Wales  Government,  1881 

Victorian  Government,  1882 

South  Australia  Government,  1881 

New  Zealand  Government,  1883 

The  Cape  Government,  1882 

Average  of  totals 


Per  100  Miles  of  Railway  Open. 


Loco- 
motives. 


28.76 

41.93 
13.32 
16.23 

963 
10.9 

19.2 

27.2 

20.4 

31.8 

40.9 

7.9* 

23.4 
16.8 

13.6* 

150 

23.4 


19.86 


Passenger 
Cars. 


48.31 

45.34 
12.06 

13.74 
12.06 

10. 1 

28.4 

66.5 

69.2 

95.6 

131. 8 
II. 6 
53.2 
33-6 
22.1 
42.7 
41.2 


23.89 


Freight 
Cars. 


635 -9 

1714.5 

283.2 

483-4 
191. 8 

276.2' 

513.3* 
512.2 

369.7 
296.1 

500.5' 
112. 8 
487.1 
291.6 

344-9 
453-2 

374.8 


590.5 


1  Only  partially  open  for  traffic.  *  Opened  about  1876. 

*  Freight  traffic  heavy  during  crop  season. 

*  Report  sutes,  **  We  have  been  extremely  short  of  engines  all  through  the  year.** 

*  Report  states  that  more  locomotives  are  required. 

Condensed  from  a  paper  on  "The  Lapng-out,  Construction,  and  Equipment  of  Rail- 
ways in  Newly-Developed  Countries,"  by  James  Robert  Mosse,  M,  Inst.  C.E.,  in  Trans' 
actions  Inst.  C.E.,  1886.    See  also  Table  8. 


CHAPTER  III. 

THE    NATURE    AND    CAUSES    CONNECTED    WITH    LOCATION    WHICH 
MODIFY   THE   VOLUME   OF   RAILWAY    REVENUE. 

37.  With  the  invention  of  the  railway  began  a  new  industry 
— the  MANUFACTURE  OF  TRANSPORTATION.  Transportation,  in- 
deed, existed  before  its  invention,  just  as  cotton  cloth  existed 
before  the  invention  of  modern  machinery,  but  it  was  in  each  case 
mainly  produced  on  a  small  scale  by  each  consumer  for  his  own 
use  and  his  immediate  neighbors*.  With  the  invention  of  the 
railway  first  began  the  manufacture  of  transportation  for  sale  on 
a  large  scale  and  by  modern  processes. 

38.  A  railway  corporation  such  as  has  been  just  considered 
— the  typical  modern  corporation — exists  for  this  purpose.  It 
finds  itself,  on  completion  of  its  works,  in  possession  of  a  certain 
piece  of  improved  real  estate,  of  certain  buildings  and  fixed 
machinery  (the  track),  and  of  certain  tools  and  machines  (the 
rolling-stock)  for  the  manufacture  of  its  commodities,  together 
with  certain  establishments  (the  locomotive  and  car  shops)  for 
the  maintenance  and  repair  of  its  machine-tools,  which  the  extent 
of  its  business  requires.  In  many  instances  it  has  not  a  dollar's 
worth  of  ownership  interest  in  all  this  costly  plant,  excepting  a 
portion  of  the  minor  machinery,  but  simply  controls  it  at,  in  ef- 
fect, a  fixed  rental  (interest  and  other  fixed  charges).  All  that  it 
really  owns  is,  commonly,  a  portion  of  the  business  or  franchise  ; 
and  this  latter  has  likewise  been  hypothecated,  or  pledged,  in 
the  mortgage  bonds  as  security  for  the  payment  of  its  rent 
charges.  As  this  business  has,  from  the  nature  of  railway  busi- 
ness, assurance  of  always  amounting  to  a  certain  minimum  at 
least,  this  franchise  alone  has  a  value  as  security  which  no  ordi- 
nary business  would  have,  and  in  a  rapidly  growing  country  its 
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existence  enables  all  or  nearly  all  of  the  actual  cost  of  the  entire 
premises  and  plant  to  be  borrowed,  or  rented,  from  others. 

On  the  premises  so  rented,  the  corporation  carries  on,  for  its 
own  benefit,  the  business  of  manufacturing  and  selling  transpor- 
tation, so  to  speak,  at  wholesale  and  retail,  in  lots  to  suit  the 
purchasers.  Since  it  owns  the  business  only,  and  has,  as  a  cor- 
porate body,  no  interest  or  ownership  in  the  property  itself,  it 
will  be  clear,  and  should  be  fully  realized,  that  all  its  interests 
arc  limited  to  the  narrow  debatable  ground  which  lies  between 
doing  the  best  possible  and  doing  the  worst  possible  with  the 
property  in  hand,  which  is  in  all  ordinary  cases  simply  lent  to 
them  for  an  annual  consideration* 

39.  Now,  continuing  the  parallel,  which  will  perhaps  help  to 
enforce  the  truths  required,  and  referring  only  to  sales  of  trans- 
portation, or  revenue  ;  if  a  manufacturing  company  in  such  cir- 
cumstances should,  in  planning  its  works,  so  plan  them  as  to  cut 
itself  ofif  from  disposing  of  certain  lines  of  goods  which  it  manu- 
factures, or  should  place  its  retailing  establishments  (stations)  at 
inconvenient  points,  it  is  clear  that  it  would  have  seriously  hand- 
icapped itself,  even  if,  perchance,  justifiably.  This  a  railway 
Cotnpai^y  does  when,  by  failing  to  run  close  to  any  accessible 
tdwns,  it  is  prevented  from  furnishing  them  with  transportation, 
or  is  so  far  away  that  sales  are  inconvenient.  If  it  strives  to 
shorten  its  line  it  is,  for  certain  parts  of  its  traffic,  trying  to  sell 
\^ss  yards  of  its  goods,  at  a  certain  i^vxct  per  yard,  in  order  to  save 
the  cost  of  its  manufacture  ;  forgetting  that  by  the  same  act  it 
also  loses  the  selling  price  and  hence  the  profit  on  them.  If,  on 
the  contrary,  It  builds  an  over-long,  or  crooked,  or  otherwise 
objectionable  line,  it  is  in  effect  fitting  itself  to  produce  only  an 
inferior  article,  which  will  command  a  lower  price. 

40.  The  force  of  this  parallel  is  still  further  and  greatly 
strengthened  if  we  remember  that,  with  much  that  is  similar, 
there  is,  in  one  respect,  a  momentous  atid  broad  distinction 
between  the  seller  of  transportation  and  the  seller  of  most  other 
commodities.  The  production  or  partial  production  of  trans- 
portation is,  from  the  necessity  of  the  business,  considerably  in 
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excess  of  the  amount  sold,  and  its  cost  bears  a  very  irregular 
ratio  thereto.  Every  time,  for  example,  a  passenger  train  starts 
out,  there  is  **  manufactured,"  so  to  speak,  several  hundred  pas- 
senger trips.  If  they  be  not  sold,  they  cannot  be  stored  away  on 
the  shelf  for  the  next  day's  trade,  like  the  remnants  of  a  lot  of 
dry-goods.  They  are  simply  wasted  and  thrown  away.  It  is 
with  the  railway  much  as  if  tradesmen  were  compelled  to  cut  a 
new  piece  of  each  kind  of  goods  each  day  and  then  throw  away 
the  part  remaining  unsold  each  night.  We  should  probably 
under  such  circumstances  observe  a  conspicuously  greater  zeal 
even  than  now  exists  for  regulating  and  increasing  sales,  so  as 
to  sell  the  whole  of  every  piece  of  goods ;  whatever  price  the 
remnants  might  bring  being  so  much  clear  gain. 

41.  To  a  greater  or  less  degree,  but  always  to  a  very  impor- 
tant degree,  the  conditions  here  suggested  exist  with  respect  to 
every  part  and  kind  of  railway  traffic.  We  see,  therefore,  how 
vital  and  peculiar  is  the  interest  of  railways  in  neglecting  no 
consideration  which  by  ever  so  little  affects  its  revenue.  It  is 
on  slight  differences  of  traffic  and  revenue  that  the  corporation 
grows  rich  or  poor. 

Granting,  therefore,  that  no  probable  effect  upon  traffic  and 
revenue  which  may  or  can  occur  from  the  decisions  reached  in 
the  original  location  should  be  neglected,  it  will  be  obvious,  as 
already  hinted,  that  such  effects  are  possible  from  anyone  of  the 
following  causes  : 

42.  I.  The  Length  of  the  Line. — Even  slight  variations 
therein  are  very  certain  to  affect  the  revenue,  as  well  as  the 
expenses  ;  because  all  local  rates,  except  by  special  contract,  are 
nominally  fixed  by  the  mile,  and  all  through  rates  (those  shared 
in  by  two  or  more  companies)  are,  without  exception,  divided 
according  to  distance  hauled,  although  not  necessarily  in  exact 

ratio  thereto. 

Up  to  a  certain  point,  therefore,  varying  in  almost  every  case, 
the  gross  revenue  certainly,  and  the  net  revenue  frequently,  will 
be  increased  by  a  longer  line,  as  well  as  the  operating  expenses. 
But  if  the  process  be  carried  too  far,  the  traffic  will  be  overbur- 
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dened,  discouraged,  and  decreased.  The  questions  thus  raised 
will  be  separately  discussed  in  Chapter  VII.,  on  Distance.  It  is 
one  of  extreme  importance. 

Such  effects  on  revenue  may  also  occur  from — 

2.  The  comparative  weight  allowed  to  securing  way 
TRAFFIC,  the  quantity  which  may  be  expected,  and  the  sacrifices 
which  may  or  must  be  made  to  reach  certain  additional  traffic 
points.     Also, 

3.  Allied  to  the  latter,  is  the  question  of  how  near  to  run 
TO  cities,  towns,  and  other  sources  of  traffic,  which  are 
already  upon  the  line,  and  how  much  the  traffic  and  revenue  will 
be  thereby  affected. 

4.  Still  other  similar  questions  arise  in  connection  with 
BRANCH  LINES :  Whether  to  build  a  branch  at  all,  or  take  the 
main  line  through  the  given  point ;  whether,  if  a  branch  be  de- 
cided on,  the  connection  should  be  made  at  this  or  that  point, 
there  being  often  much  choice,  and  the  decision  governed  by 
commercial  considerations  to  an  unusual  extent,  or  at  least  by 
very  different  laws  from  those  which  might  govern  the  laying 
out  of  longer  lines,  owing  to  the  shortness  and  isolation  of  most 
branches. 

5.  All  of  these  questions  together  arise  on  a  grand  scale  in 
the  laying  out  of  great  systems  of  railway  at  once  or  in  the 
connection  of  a  number  of  isolated  lines  into  a  single  system,  as 
happens  with  increasing  frequency  in  modern  times. 

In  a  certain  sense,  indeed,  every  line,  even  nominally  inde- 
pendent, and  no  matter  how  short,  is  a  part  not  only  of  one  but 
perhaps  of  several  great  systems  of  roads.  On  this  account,  and 
because  of  the  great  importance  of  the  questions  which  arise  in 
connection  with  the  laying  out  of  branch  lines  and  systems,  a 
separate  chapter  (XXI.)  is  devoted  hereafter  to — not  a  general 
discussion,  for  that  is  impossible — but  to  the  presentation  of 
certain  suggestions  intended  to  illustrate  the  laws  which  govern 
their  solution.  Much  of  the  chapter  referred  to  has  likewise  a 
direct  bearing  on  the  remainder  of  this  chapter. 

43<  It  is  unfortunate  that  the  very  great  and  often  decisive 
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effect  which  differences  of  location  may  have  upon  the  revenue 
of  railways  is  not  susceptible  of  more  exact  analysis,  for  it  is 
very  often,  In  properly  conducted  work,  a  consideration  of  such 
importance  as  to  sink  differences  of  engineering  details  into 
insignificance.  The  most  that  can  be  done  is  to  lay  down  with 
all  possible  care  the  general  principles  which  govern  this  effect, 
with  the  caution  that  the  very  difficulty  of  determining  exactly 
what  weight  should  be  given  to  it  creates  too  great  a  tendency 
to  neglect  it  altogether. 

44.  The  traffic  of  railways  is  often  spoken  and  thought  df 
as  for  the  most  part  a  monopoly.  In  a  certain  sense,  of  a  cer- 
tain small  part  of  its  traffic,  this  is  true,  as  already  noted,  to  the 
extent  that  there  is  a  certain  fraction  of  the  traffic  of  all  railways 
which  no  folly  can  destroy  or  throw  away.  But  in  a  larger  sense, 
the  traffic  of  any  and  all  railways  is  only  to  a  very  limited  ex- 
tent a  monopoly  of  such  nature  that  to  secure  it  the  Company 
has  nothing  more  to  do  than  to  put  up  its  buildings,  and  station^ 
a  man-  at  the  receipt  of  customs.  The  selling  of  transportion  is 
governed  to  a  very  large  extent,  whether  there  be  nominal  com'^ 
petition  or  not,  by  the  same  laws  which  govern  the  selling  of 
any  other  commodity;  and  these  laws  require  that  the  railway 
company,  like  any  one  else  with'  something  to  sell,  shall  consult 
the  convenience,  and  even  sometimes  the  unreasonable  whims, 
of  the  buyer,  if  it  would  sell  its  goods  to  him. 

45.  For  only  a  small  proportion  of  the  traffic  of  any  railway 
is  in  the  strict  sense  of  the  term  necessary  traffic,  which  must 
come  to  it  anyway,  under  all  circumstances.  The  amount  of 
such  traffic  is  measured,  when  a  railway  system  is  first  comin'g 
into  existence,  by  the  stage-coach  travel  as  respects  passenger 
business,  and  by  the  carting  on  the  common  roads  as  respects^ 
freight  business.  Under  the  stimulus  which  the  bare  existence 
of  any  kind  of  railway  facilities  gives  to  the  development  of  any 
country,  the  volume  of  this  strictly  necessary  travel  is  no  doubt 
increased  many-fold.  Nevertheless  no  railway  is  so  prosperous 
and  so  favorably  situated  that  it  would  not,  in  literal  truths 
starve  to  death  on  it.-    The  traffic  would  be  so  very  greatly  de- 
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creased  that  on  most  lines  it  would  not  be  possible  to  run  the 
trains  at  all.  Neglecting  altogether  the  traffic  which,  as  respects 
any  one  company^  is  pot  necessary,  because  it  has  a  dioice  of 
routes,  and  one  line  has  i6  fight  for  it  with  athers,  a  very  large 
proportion  of  the  business  of  the  railway  system  as  a  whole  is 
made  up,  as  respects  passenger  business,  not  only  of  pleasure 
travel  pure  and  simple,  but  of  travel  which  is  more  or  less  a  mast* 
ter  of  whim  or  of  fancied  or  partial  necessity;  and  even  as  respects 
freight  business,  of  freight  which  will  not  be  shipped  except  un^ 
der  reasonably  favorable  circumstances,  especially  by  any  one 
route,  or  shipped  only  at  a  lower  rate  :  so  that  the  rates  must  be 
solely  fixed,  not  by  the  cost  of  the  service,  but  by  the  price  it 
will  bear  without  discouraging  traffic. 

46<  It  will  be  evideat  therefore  that,  since  we  have  already 
seen  the  vital  importance  to  railways  of  making  the  largest 
possible  sales  of  their  wares,  and  since  a  large  part  of  their 
sales  are  of  such  nature  that  they  may  be  easily  discouraged  and 
prevented,  any  failure  to  facilitate  traffic  to  the  utmost  is  a  se- 
rious matter.  The  question  of  encouraging  or  discouraging 
traffic  by  the  facilities  offered  will  depend  in  the  main,  no  doubt^ 
upon  the  manner  of  operating  the  road  after  it  has  opened;  yet 
in  one  respect  at  least  (postponing  for  the  present,  as  noted,  the 
discussion  of  the  first,  fourth,  and  fifth  considerations  above)  it 
is  possible  in  the  beginning  to  serioixsly  and /^rmamn/fy  a^tct 
the  future  traffic  of  the  line :  viz.,  by  going  on  the  principle, 
which  has  often  been  followed  in  the  practice,  that  "  jf  the  rail^ 

WAY  DOES  NOT   GO   TO   THE    TRAFFIC,  THE    TRAFFIC  WILL   COME    TO 

THE  RAILWAY.**  This  argument  is  sometimes  gravely  advanced 
in  support  of  the  plea  that  it  is  of  no  particular  importance 
whether  the  line  pass  throygh  a  town  or  a  mile  or  two  off 
from  it,  because  in  either  case  the  line  will  get  "  all  the  business 
^here  is.*'  From  the  v^ry  fact  that  there  is  a  grain  of  truth  in 
this  plea  lending  a  certain  support  to  that  cheapest  of  all 
ways  of  saving  money, — and  perhaps  saving  a  little  distance 
and  curvature  at  the  same  time, — keeping  the  line  off  all  land 
which  is  worth  any  considerable  price,  it  is  important  that  it 


54  CHAP,  IIL-^CAUSES  MODIFYING  VOLUME  OF  REVENUE. 

should  be  fully  realized  why  it  is  a  dangerous  and  fallacious 
argument. 

47.  It  is  particularly  easy  to  see  that  the  argument  is  both 
dangerous  and  fallacious  when  there  is,  or  is  liable  to  be,  com- 
petition for  the  traffic,  or  any  part  of  it,  as  may  be  said  to  be 
always  the  case,  at  least  potentially,  in  the  United  States.  In  that 
case,  the  only  safe  rule  is,  that  any  considerable  difference  in  haul 
to  the  station  or  in  any  other  convenience  to  the  public  will  al- 
most wholly  destroy  the  possibility  of  profit  from  the  traffic  to  be 
competed  for,  even  if  a  portion  be  secured.  For  it  might  be 
proved  by  many  instances  that  it  requires  but  a  very  slight  dif- 
ference in  the  convenience  of  access  to  practically  destroy  all 
equality  of  competition.  Except  for  the  very  numerous  in- 
stances of  entire  neglect  of  this  danger  it  would  hardly  seem 
necessary  to  speak  of  the  matter  at  all  ;  for  it  is  evident  that,  as 
respects  freight  traffic,  rates  must  in  the  long-run  be  made 
equal,  not  simply  from  station  to  station,  but  from  the  door  of  t?ie 
consignor  to  the  door  of  the  consignee :  in  other  words,  all  additional 
cost  for  cartage  or  switching  service,  and  something  more  as 
compensation  for  the  trouble  (usually  a  very  considerable  addi- 
tion), must  be  borne  by  the  railway  before  it  is  in  a  position  to 
compete  at  all.  As  respects  passenger  traffic,  to  a  certain  class 
of  long-trip  travel  such  minor  differences  are  of  less  importance, 
but  there  is  a  considerable  fraction  even  of  long-trip  travel  on 
which  they  have  a  recognized  and  important  influence  ;  and  de- 
vices of  all  kinds — free  omnibuses,  more  or  less  open  concessions 
on  rates,  etc.,  etc. — are  required  to  counteract  what  may  have 
been  a  mere  oversight,  or  bit  of  indifferent  negligence,  in  the 
original  laying  out  of  the  line. 

48.  Let  us  imagine  an  instance  which  has  frequently  hap- 
pened already,  and  still  more  frequently  will  happen  :  A  num- 
ber of  good-sized  towns,  ten  to  fifty  miles  apart,  served  by 
two  competing  lines  ;  one  of  them  coming  appreciably  nearer 
to  the  average  centre  of  population  than  the  other.  It  is  abun- 
dantly established  by  experience  that  in  such  a  case  the  favored 
line  can  by  a  moderate  amount  of  effort — which  may  be  counted 


^ 


CHAP.  HL^CAUSES  MODIFYING  VOLUME  OF  REVENUE,    55 

on  with  some  certainty — not  simply  cripple,  but  almost  destroy, 
its  rival's  local  traffic.  For  "  to  him  that  hath  shall  be  given," 
with  short-haul  traffic  especially.  If  one  line  start  with  any  ad- 
vantage, that  very  fact  will  tend  to  increase  it.  It  will  have  a 
better  reputation.  It  can  offer  better  facilities.  The  tendency 
of  the  traffic  of  all  kinds  will  be  to  concentrate  itself  upon  it — 
just  as  water  always  seeks  the  lowest  point,  however  little  lower 
it  may  be.  Even  when  a  railway  can,  or  thinks  it  can,  count  on 
permanent  immunity  from  competition,  it  should  naturally  fol- 
low from  what  has  preceded  that  it  is  still  exceedingly  dangerous 
to  put  the  public  to  permanent  inconvenience  and  expense  under 
the  false  idea  that  "  it  will  cost  the  Company  nothing.*'  Under 
the  best  of  circumstances  there  will  always  be  some  loss;  and  the 
slightest  addition  to  receipts,  which  might  have  been  secured 
but  is  not,  would  have  gone  almost  in  gross  to  swell  the  surplus. 
The  slight  additional  trouble  and  expense  to  shippers  of  all 
freight,  and  the  horse-car  and  cab  fares  of  passengers,  must  be 
paid  for  sooner  or  later,  in  one  form  or  another,  by  the  corpora- 
tion, if  in  no  other  form  than  in  a  decrease  of  traffic.  It  is  not 
true  that  nothing  which  will  still  leave  rates  at  so  much  a  mile, 
without  immediately  affecting  them  at  this  or  that  non-competi- 
tive point,  is  of  importance  to  the  Company  or  has  effect  upon 
its  revenue. 

49.  The  universal  law  of  trade  ultimately  obtains  with  sales 
of  transportation  as  of  everything  else.  The  selling  price,  the 
amount  sold,  and  the  profit  realized  on  all  articles  of  bargain 
and  sale  is  ultimately  regulated  by  the  quality  of  the  article  and 
the  price  the  consumer  is  willing  and  able  to  pay,  and  this  again 
is  greatly  affected  even  by  trifling  differences  of  convenience. 
We  may  see  this  illustrated  every  day  by  the  difference  in  price 
of  the  same  article  at  fashionable  and  unfashionable  stores  ;  and 
even  when  there  is  but  one  point  at  which  a  certain  desired  ar- 
ticle can  be  bought,  it  is  a  truth  universally  admitted  among 
business  men  that  minute  differences  in  the  price  or  the  quality 
of  the  article,  or  in  convenience  of  access  to  the  place  of  sale,  do 
have  a  material  influence  on  the  volume  of  sales,  especially  in 
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such  articles  as  are  to  be  sold  in  great  numbers  to  the  general 
public.  That  precisely  the  same  argument  applies  to  railwairs 
can  be  denied  only  by  asserting  that  the  patronage  of  a  railway 
is  strictly  a  matter  of  necessity — a  pure  monopoly,  except  as 
competed  for  by  another  railway  ;  but  this,  even  if  it  were  true 
of  the  greater  portion  of  traffic,  would  certainly  not  be  true  at  all 
of  the  remaining  fraction,  and  it  is  ordinarily  this  remaining 
fraction  which  alone  makes  the  business  of  operating  the  prop- 
erty worth  carrying  on  by  the  company  controlling  it :  for  let  us 
suppose  that  by  systematic  negligence  at  several  points  in  the 
original  laying  out  of  a  line  a  corporation  should  succeed  in  af- 
fecting its  gross  yearly  revenue  so  much  as  one  per  cent.  It 
would  represent  certainly  five  to  ten  per  cent,  and  very  possibly 
one  hundred  per  cent,  of  the  value  of  the  franchise  owned  by  the 
corporation,  which  is  usually  all  they  do  own,  and  sometimes  a 
good  deal  more. 

50.  If  it  should  seem  improbable  that  any  possible  error  of 
this  kind  could  so  affect  revenue,  it  must  be  admitted  that  it  is 
difficult  and  in  fact  impossible  to  produce  statistical  proof,  nor 
would  such  proof,  even  if  produced  for  one  locality,  be  applicable 
elsewhere;  but  a  striking  example,  among  many,  of  the  natural 
effect  of  such  reckless  neglect  may  be  found  at  the  town  of 
Springfield,  Ohio.  A  dispute  about  a  trifling  sum  (about 
$50,000)  of  town  aid  to  the  Atlantic  &  Great  Western  Railway, 
now  the  New  York,  Pennsylvania  &  Ohio  Railroad,  caused  the 
manager  of  the  road  to  run  the  line  two  or  three  miles  from  the 
town — and  this  with  a  slight  increase,  if  anything,  in  the  dis- 
tance, curvature,  and  cost.  This  town  has  since  become,  as  even 
then  was  probable,  one  of  the  best  shipping  points  in  the  State; 
and,  purely  in  consequence  of  its  inconvenient  location,  the 
Atlantic  &  Great  Western  secures  only  an  inconsiderable  frac- 
tion of  this  traffic,  both  freight  and  passenger.  Its  annual  loss 
of  net  revenue  is,  beyond  all  question,  considerably  larger  than 
the  whole  sum  originally  in  dispute;  and  the  disadvantage  was 
so  serious  that,  very  recently,  arrangements  to  run  into  the 
town  over  another  line  were  made  at  heavy  cost,  while  still 
leaving  the  line  at  an  immense  disadvantage. 
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51.  In  this  occurrence  there  is  nothing  exceptional,  even  in 
degree.  There  is  hardly  a  town  of  any  importance  in  the 
United  States  in  which  some  one  of  the  lines  running  to  it  has 
not  done  precisely  the  same  thing ;  so  that  it  is  known  of  all 
men  to  be  at  grave  disadvantage  in  respect  to  some  portion  of 
its  natural  traffic,  whether  long-haul  and  short-haul,  and 
vrhether  passenger  and  freight.  That  natural  and  not  unreason- 
able trait  of  human  nature  embodied  in  the  homely  proverb, 
''  Give  a  dog  a  bad  name  and  hang  him/'  then  comes  in  to  inten- 
sify this  disadvantage.  This  in  turn  begets  a  poverty  of  means, 
which  begets  a  poverty  pf  service,  which  still  further  increases, 
and  justifies  on  rational  grounds,  what  may  have  been  in  the 
beginning  a  rather  unreasonable  popular  prejudice;  and  the  end, 
in  all  probability,  is  a  receivership.  It  will  be  found,  on  looking 
over  a  list  of  roads  which  have  failed  in  this  way,  that,  almost 
without  exception,  they  are  those  which  merely  skirt  the  edges  of 
the  towns  which  they  nominally  reach. 

52.  The  effect  on  short*-haul  traffic  of  negligence  of 
this  kind  is,  as  already  hinted,  far  nlore  serious  proportionally 
than  in  the  case  of  longer  haul — not  only  because  it  is  far  more 
likely  to  drive  the  traffic  to  other  lines,  when  such  exist,  but  be- 
cause it  is  far  more  likely  to  have  the  still  further  effect  of  de- 
stroying a  portion  of  the  potential  traffic  completely.  The 
longer  the  journey  or  the  haul,  evidently,  the  less  effect  will  any 
trifling  inconveniences  have,  and  the  proportional  as  well  as  ab- 
solute loss  will  naturally  be  less  at  small  towns  than  large  ones — 
especially  than  at  very  large  ones  where  there  is  a  regular  and 
established  suburban  traffic.  Nevertheless  no  towji  is  so  small 
that  the  short-haul  local  traffic  is  not  materially  affected  by  tri- 
fling difference  of  convenience  of  access.  Differences  which 
originate  in  the  subsequent  management  of  the  operating  de< 
partment,  better  cars,  time,  meals,  train  employees,  surer  con- 
nections, etc.,  may  have,  it  has  been  admitted,  relatively  much 
more  effect  than  a  mere  difference  in  convenience  of  access  to 
the  station ;  but  the  latter,  unlike  the  former,  cannot  be  cor- 
rected at  any  time,  and  in  trips  of  ten  to  twenty  or  fifty  or  even 
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one  hundred  miles,  the  mere  fact  that  the  station  is  (or  is  not) 
convenient  for  taking  and  leaving  the  train  is  alone  enough  to 
have  a  powerful  influence  upon  the  number  of  such  trips,  es- 
pecially in  bad  weather,  but  to  an  important  extent  in  all 
weather,  with  the  weaker  three  quarters  of  the  population  at 
least. 

53,  In  very  much  less  degree  even  the  volume  of  non-com- 
petitive FREIGHT  SHIPMENTS  is  similarly  affected;  besides  the 
fact  that  it  must  be  assumed,  for  reasons  already  stated,  that  the 
rates,  in  the  long-run  and  in  some  direct  or  indirect  form,  will 
certainly  be  affected  likewise.  Sooner  or  later,  in  one  form  or 
another,  the  railway  will  be  compelled  to  make  concessions 
equivalent  to  paying  for  the  cost  and  annoyance  of 'cartage  oa 
much  of  its  traffic,  and  lose  altogether  more  than  enough  to  pay 
for  carting  the  whole  of  it.  There  is  no  clearer  moral  than  this 
to  be  drawn  from  recent  railway  history. 

54,  It  is  also  unmistakably  evident  from  recent  history  that  it 
is  impossible  to  maintain  more  than  a  reasonable  ratio  of  dispro* 
portion  in  rates  between  competitive  and  non-competitive  rates, 
and  between  rates  on  one  class  of  freight  and  another,  even  for 
those  classes  of  freight  which  do  not  seem  to  be  affected  by  any 
immediate  cause  tending  to  have  this  effect.  A  clear  indication 
of  the  existence  of  this  law  may  be  found  in  Tables  93-5.  It  is 
now  too  well  known  and  generally  admitted  to  require  more  pre- 
cise evidence. 

55,  There  is  one  peculiar  phase  of  the  question  of  running  by 
A  TOWN  TO  SAVE  DISTANCE  which  may  be  more  appropriately  con- 
sidered in  this  connection,  as  illustrating  what  has  preceded, 
than  in  the  chapter  on  Distance. 

Let  us  suppose,  to  take  definite  figures,  that  we  have  run  by  a 
town  of  ten  thousand  inhabitants  in  order  to  save  a  deviation  of 
five  miles  from  an  air  line,  involving  a  loss  of  a  mile  or  two  of 
distance.  As  we  have  already  seen  in  part,  and  shall  more  fully 
see  (Chap.  VII.),  the  railway's  revenue  account  suffers  heavy  loss 
due  to  the  decreased  mileage  on  most  of  its  local  and  through 
business,  competitive  and  non-competitive.     Per  contra,  its  ex- 
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pense  account  is  decreased  indeed,  but  in  very  much  less  ratio. 
The  probabilities  are  very  strong  that  there  will  be  a  net  loss  to 
the  revenue.  This  might  well  be  borne  if  it  meant,  as  in  ordi- 
nary cases,  simply  a  reduction  of  the  transportation  tax  upon 
the  traveller  or  shipper  of  freight,  but  how  stands^it  with  the 
latter?  They  save,  indeed  (in  the  case  of  local  traffic  only,  but 
not  in  the  case  of  through  traffic),  the  two  or  three  cents  per 
mile  which  the  railway  loses,  owing  to  its  shorter  line  ;  but  they 
lose  the  entire  direct  cost  of  cartage  or  switching  charges  on 
their  freight  and  carriage,  express  or  horse-car  fares  for  their 
own  conveyance,  besides  suffering  an  annoyance  and  inconveni- 
ence in  both  cases  which  they  will  surely  estimate  at  a  good 
round  sum:  In  money,  when  by  the  existence  of  competition  they 
are  able  to  throw  the  whole  of  both  of  these  losses  on  the  rail- 
way which  seeks  their  patronage  from  a  distance  ;  in  refusal  of 
patronage,  except  under  great  concessions  or  the  compulsion  of 
necessity,  when  through  absence  of  competition  they  cannot 
otherwise  shift  the  burden  from  their  own  shoulders. 

Thus,  under  any  possible  conditions,  in  such  a  case  there  is  a 
triple  loss:  The  tax  on  the  public  is  greater,  the  receipts  of  the 
railway  are  less  per  passenger  or  ton,  and  the  number  of  pas- 
sengers or  tons  is  decreased. 

56.  The  net  losses  might  be  estimated  something  in  thisway^ 
assuming  the  town,  say,  to  be  in  Ohio : 

Loss  TO  THB  Railway. 

Loss  of  traffic  per  head,  by  being  5  miles  instead  of  i  from  centre  of 
population  (say  40  per  cent :  Table  13),  on  a  natural  revenue  per 
head  of  $10,  or  $100,000  from  the  town $40,000 

Loss  of  revenue,  due  to  one-mile  haul  on  $60,000  of  traffic — say  three 

per  cent 1,800 

$41,800 
Per  contra  :  saving  of  expense  on  same,  at  40  per  cent  on  the  total  ex- 
penses, or  26f  (40  X  I)  per  cent  on  the  total  revenue 1 1, 148 

Net  loss  to  railway $30,652 
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Loss  TO  THE  Individual  Patrons. 

Expenses  of  reaching  the  railway  from  a  point  5  miles  off,  at  $0  .cents 

per  passenger  or  ton,  probably  about $35,000 

Less  saving  by  reduced  payments  to  the  railway,  as  above 1,800 

Net  loss  to  the  public $23,300 

J)estroyed  business,  which  the  public  would  have  been  glad  to  enjoy 
and  pay  for,  as  shown  by  experience,  and  which  hence  would  have 
been  worth  its  cost  to  them — say  one  third  of  the  40  per  cent  (as 
above)  of  $100,000,  the  rest  going  to  some  other  line I3»300 

Net  loss  special  to  the  public,  per  year ^ . .  .^  •$36,500 

Net  loss  special  to  the  railway,  per  year 30,651 

Aggregate  loss  to  the  community,  per  year $67,153 

Which  means  from  the  point  of  view  of  political  economy, 
and  as  a  plain  statement  of  a  fact  which  would  appear  in  the 
census  statistics,  that  the  capital  of  the  country  and  the  world 
is  less  than  it  otherwise  would  be  by  the  capital  sum  of  which 
$67,152  represents  the  interest,  or  (at  six  per  cent)  $1,119,200; 
the  whole  of  which  is  clear  loss,  by  which  no  one  is  benefited. 

57.  A  few  hackmen  and  expressmen  are,  indeed,  diverted 
from  working  elsewhere,  where  they  would  be  true  producers, 
into  earning  a  support  by  performing  what  might  have  been  a 
needless  service.  It  is  plain  that  by  this  diversion  they  are, 
individually,  neitlier  benefited  nor  injured,  so  that  they  simply 
do  not  enter  into  the  question  at  all,  even  from  the  point  of  view 
of  political  economy.  We  are  not,  however,  studying  political 
economy,  but  the  art  of  directing  private  investment  in  railway 
property  so  as  to  be  profitable,  not  primarily  to  the  general 
public,  but  to  the  projectors. 

Making  all  allowances  for  possible  errors  in  the  precise  fig- 
ures used  above,  it  represents  an  immense  loss  to  all  parties  from 
running  railways  by  towns  without  going  to  them,  so  far  as  the 
traffic  of  that  town  alone  is  concerned,  separately  considered. 
There  is,  however,  this  further  disadvantage  to  be  remembered: 
if  we  lengthen  the  line  to  reach  a  town  we  necessitate  that  the 
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whole  traffic  shall  be  hauled  over  this  extra  distance  in  order  to 
accommodate  the  traffic  of  one  town. 

98.  This  raises  the  general  question  of  the  value  of  distance, 
for  which  see  Chapter  VII.  It  need  only  be  premised  here,  what 
has  been  in  fact  already  said,  that  although,  as  a  mere  question 
of  political  economy,  the  cost  of  this  extra  haul  is  certainly  a  net 
loss,  conferring  no  added  value  on  the  servfce  rendered,  yet  to 
the  revenues  of  the  railway  only,  considered  as  a  private  enter- 
prise for  profit,  this  is  by  no  means  the  case,  since  there  is  always 
a  credit  as  well  as  a  debit  side  to  the  extra  haul.  It  is  not 
uncommon  to  hear  engineers  speak  and  act,  indeed,  as  if  the 
extra  haul  were  a  mere  burden  on  the  traffic :  which  would  be 
true  enough  rf  railways  were  charitable  institutions  built  by 
moneyed  philanthropists  with  the  sole  purpose  of  serving  the 
public,  and  which  is  always  true  with  respect  to  that  consider- 
able fraction  of  traffic  on  which  neither  the  amount  nor  the  dis- 
tribution of  the  gross  rate  is  modified  by  the  distance.  But,  as 
matters  actually  stand,  it  may  be  rudely  stated  here  that,  as  the 
actual  cost  of  such  trifling  extra  haul  is  very  little,  the  net  effect 
of  such  deviation  for  such  a  purpose  is  very  apt  to  have  a  favor- 
able effect,  if  any  (sometimes  a  decidedly  favorable  effect),  upon 
the  net  revenue  derived  from  the  entire  traffic,  independent  of 
that  from  the  particular  point  for  the  sake  of  which  the  devia- 
tion was  made,  as  well  as  upon  the  public  interest. 

For  one  most  important  reason  why  this  should  be  so,  see  Chapter  XXI. 

59.  It  is  true  that,  in  so  far  as  the  burden  upon  the  general 
traffic  may  be  increased,  there  is  a  tendency  to  compel  the  cor- 
poration to  reduce  rates  on  all  traffic  to  the  point  which  it  will 
bear,  instead  of  making  non-competitive  rates  strictly  according 
to  distance  ^  and  in  urging  that  a  railway  will  "  get  something 
for  nothing"  out  of  extra  haul,  the  previous  claim  (par.  46  ei seg,) 
may  seem  to  be  contradicted,  that  even  slight  burdens  on  traffic 
are  dangerous ;  but  it  is  evidently  a  very  different  matter  for  a 
railway  to  take  measures  which  make  its  own  charges  on  all 
traffic  a  trifle  higher  to  relieve  a   part  of  it  from  other  and 
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heavier  burdens,  and  to  take  a  course  which  throws  a  heavy 
burden  on  its  own  traffic  and  on  its  patrons  as  well,  by  provid- 
ing facilities  for  a  lot  of  outside  parties — teamsters,  hackmen, 
and  horse-car  lines — to  extract  a  percentage  forever  of  the  total 
payments  which  the  traffic  has  to  bear. 

60.  Admitting,  ^therefore,  that  differences  of  location  may 
have  a  material  effect  on  the  revenue,  it  becomes  important  to 
remember  that,  as  we  have  already  seen,  as  small  a  difference  as 
one  per  cent  in  gross  revenue  will  ordinarily  represent  from 
three  to  six  per  cent  in  net  revenue,  and  from  six  to  twelve  or 
fifteen  percent  difference  in  profits  to  the  company  proper, after 
their  rental  or  interest  charges  have  been  met,  even  in  the  most 
prosperous  companies,  and  from  that  up  to  many  hundred  per 
cent  in  those  less  favored.  Remembering  also  that  errors  in  the 
original  laying  out  of  the  line,  unlike  errors  in  subsequent  man- 
agement, are  mainly  irremediable, — a  kind  of  fixed  charge  for 
folly  forever, — it  will  be  seen  how  large  is  the  interest  of  the 
company  who  employ  and  pay  the  engineer  in  avoiding  all  errors 
of  the  kind,  and  how  particularly  important  it  is  that  no  possible 
difference  should  be  regarded  as  trifling  because  it  will  consti- 
tute a  trifling  part  of  the  total  receipts  or  expenses.  It  is  only 
a  small  fraction  of  that  total  which  **  the  company"  has  even  the 
hope  of  retaining  to  itself. 

When  the  cream  of  their  traffic,  the  profit  traffic,  is  lost 
to  them,  all  is  lost  ;  and  although  it  is  often  true  that  the  busi- 
ness sagacity,  or  lack  of  it,  with  which  the  enterprise  as  a  whole 
has  been  planned  will  overcome  all  that  the  engineer  can  do  to 
make  or  mar  it,  so  that  the  enterprise  will  succeed  or  fail  in  spite 
of  him,  yet  it  is  always  true  that  a  heavy  percentage  of  the 
surplus  or  deficit  which  alone  concerns  the  company  proper — 
enough,  for  instance,  to  make  all  the  difference  between  a  great 
success  and  a  small  success,  or  a  great  failure  and  a  small  faflure 
— is  strictly  dependent  upon  the  engineer  and  upon  those,  by 
whatever  name  they  may  be  called,  who  decide  with  him,  or  for 
him,  the  semi-engineering  and  semi-commercial  questions  which 
we  have  here  considered. 
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61.  Therefore,  with  an  end  so  important  before  us,  any  guide 
is  better  than  none,  in  order  that  we  may  reduce  the  unavoida- 
ble uncertainty  to  its  lowest  terms  ;  and  under  these  circum- 
stances a  rule  which  the  writer  has  formulated  as  a  sort  of  gen- 
eral average  to  estimate  exceptions  from  is  this : 

As  A  MINIMUM  :  At  the  smallest  and  most  inert  non-competitive 
points  the  annual  loss  of  revenue  from  placing  the  station  at  a  distance 
Jrom  town  may  be  taken  as  equivalent  to  10  per  cent  of  the  revenue  nat- 
urally originating  from  such  a  town^  with  the  station  in  any  given  loca- 
tiony  for  each  additional  mile  that  the  station  is  moved  off  from  the 
centre  of  the  town. 

As  A  MAXIMUM  :  At  centres  of  considerable  manufacturing  or  com- 
mercial activity  y  exposed  to  considerable  actual  or  potential  competitiony 
.a  fair  and  moderate  estimate  of  the  probable  loss  of  revenue  from  re- 
moving the  station  to  a  distance  will  be  2$  per  cent  of  the  revenue 
naturally  originating  at  such  a  town^  for  each  additional  mile  that  the 
station  is  moved  off  from  the  centre  of  the  town  j  and  this  is  frequently 
liable,  in  cases  of  very  sharp  competition^  to  amount  to  as  much  as  $0 
per  cent  of  the  natural  revenue,  including  all  the  indirect  effects  of  such 
disadvantages. 

The  first  of  these  estimates  the  writer  has  considered  to  be 
applicable  to  such  towns  as  the  average  of  interior  Mexico.  It  is 
below  any  class  of  towns  in  the  United  States  or  Canada,  ex- 
cepting the  strictly  rural  regions  consuming  and  producing  little 
freight  shipped  by  rail.  The  last  is  a  fair  average  (varying  how- 
ever within  wide  extremes)  of  all  the  busier  towns  and  cities  of 
the  United  States. 

62,  The  causes  of  variations  are  : 

1.  Manufacturing  and  especially  mining  towns  are  usually 
heavy  shippers. 

2.  Towns  which  are  the  seats  of  special  industries  often  make 
payments  to  railways  out  of  all  proportion  to  their  apparent  size 
and  activity. 

3.  The  number  of  competing  lines  will  greatly  affect  the  pro- 
portion tributary  to  any  one  line. 

And  many  other  like  causes.     Nothing  definite  can  be  pre- 


64  CHAP.  iri.—CAUSES  MODlFYmO  VOLUME  OP  R&VBNUE. 

dieted  about  any  one  town  from  any  figures  in  this  chapter,  but 
for  the  average  town  they  are  believed  to  be  fair. 

They  are  tlie  result  of  much  comparison  of  earnings  by  dif- 
ferent  lines  at  large  and  small  towns  made  by  the  writer  at  dif- 
ferent times,  with  an  effort  to  estimate  the  true  cause  of  their 
disadvantages  ;  but  to  attempt  to  defend  them  in  detail,  except 
as  the  volume  as  a  whole  may  do  so,  would  occupy  too  much  space. 

Table  13. 
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The  effect  of  this  rule  is  presented  numerically  in  Table  13, 
the  percentages  being  in  geometrical  ratio  to  each  other,  so  that 
any  number  in  the  column,  divided  by  the  first  or  second  or  third 
number  above  it,  gives  always  the  same  quotient. 

Under  this  table,  the  percentage  of  loss  for  each  additional 
mile  the  station  is  moved  away  is  the  s^me  under  all  circum- 
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Stances,  although  the  absolute  loss  is  much  less  as  the  distance 
increases. 

63.  The  above  rule,  it  should  be  repeated,  is  not  offered  as 
in  any  way  precise,  or  perhaps  even  safe.  Such  an  estimate 
must  always  remain,  for  the  most  part,  a  question  of  judgment. 
That  is  the  author's  judgment.  He  claims  no  more  solid  basis 
for  it  than  that  in  many  single  instances  there  has  been  an  actual 
difference  in  the  receipts  of  competing  lines  at  the  same  point, 
or  in  the  receipts  of  the  same  line  at  points  at  different  distances 
from  it,  but  otherwise  very  similarly  situated,  which  closely  cor- 
respond with  the  figures  given. 

64.  As  an  example  of  the  working  of  the  above  rule,  to  run 
two  miles  off,  instead  of  one,  from  the  centre  of  a  town  of  10,000 
people  would  involve  as  a  minimum  a  loss  of  9  per  cent  of  the 
natural  revenue  from  such  a  town,  or  from  $1800  to  $2700  per 
year.  If  the  town  were  an  active  business  place  this  might 
easily  be  several  times  this  amount,  and  if  competition  were 
a  factor  of  the  problem  it  would  be  very  certain  to  be.  If 
it  were  a  question  of  running  into  a  town  instead  of  a  mile 
away,  the  loss  would  also  be  liable  to  be  very  much  greater  than 
the  table  above  indicates,  since  the  stimulating  effect  of  better 
transportation  might  change  the  whole  character  of  the  town,, 
besides  the  natural  effect  of  a  given  difference  of  distance.  The 
question  would  be  affected  likewise  by  the  character  of  the  ter- 
mini, etc.,  etc. 

65.  As  an  instance  from  actual  practice,  two  important  Mexi- 
can towns,  of  a  population  of  about  100,000  and  60,000  respec- 
tively, and  about  forty  miles  apart,  with  considerable  natural 
traffic  between  them,  were  left  distant  respectively  two  and  a 
half  miles  and  four  and  a  half  miles  from  the  nearest  point  of 
the  projected  line.  It  was  a  question  whether  to  bring  the  rail- 
way nearer  to  the  towns,  in  which  case  both  stations  would  be 
half  a  mile  from  the  centre  of  population  : 

If  we  might  assume  the  above  minimum  to  be  correct,  the 
certain  loss  on  all  the  traffic  contributed  to  the  railway  by  these 
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towns,  and  not  simply  on  the  traffic  between  them,  would  be  an. 

nually — 

$200,000  X  o.  19       =  $38,000 

120,000  X  0.344      =    41,280 


Toul  ($217  p«r  day)  $79,280 

For  Mexican  towns,  in  their  present  condition  of  imperfect 
material  development,  this  is  possibly  large  enough ;  but  for 
American  towns  of  equal  size  and  importance  it  would  almost 
certainly  be  far  too  low.  If  it  were  to  be  considered  as  solely 
affecting  the  passenger  traffic,  and  of  such  traffic  only  that  exist- 
ing between  the  two  towns,  it  would  amount  to  the  loss  of  sixty- 
five  to  seventy  round  trips  per  day,  and  this  in  the  United  States, 
between  two  active  business  points  at  that  distance  from  each 
other,  would  be  far  from  an  exaggerated  estimate. 

It  would  in  such  a  case,  however,  be  extremely  erroneous  to 
consider  only  the  traffic  between  the  two  points.  All  the  traffic 
originating  or  terminating  at  each  point  is  more  or  less  affected, 
the  importance  of  the  effect  decreasing  with  the  length  of  the 
haul.  The  freight  traffic  will  also  be  materially  affected,  in  some 
slight  degree  in  volume,  and  a  large  proportion  of  it  in  average 
rates,  for  reasons  already  pointed  out,  the  chief  of  which  is  that 
the  railway  sooner  or  later  pays  for  the  cartage. 

66.  Yet  all  these  arguments,  like  almost  everything  else  con- 
nected with  the  laws  of  trade,  require  to  be  applied  with  great 
caution,  and  are  subject  to  many  exceptions,  such  as  these  which 
follow : 

Towns  will  in  many  cases  move  to  the  railway,  if  the  railway 
does  not  come  to  the  town,  with  ultimate  benefit  to  all  parties 
concerned.  This  is  especially  common  and  probable  in  the 
United  States,  but  it  is  more  or  less  true  everywhere.  In  pro- 
portion as  the  population  and  traffic  may  be  expected  to  increase, 
the  importance  of  accommodating  the  line  to  that  which  already 
exists  becomes  less  and  less. 

Even  in  a  region  tolerably  well  settled,  but  heretofore  unde- 
veloped by  railways,  or  imperfectly  developed,  a  bold  neglect  of 
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existing  centres,  especially  those  of  minor  importance,  will  be 
exceedingly  apt  to  bring  them  sooner  or  later  to  the  railway  in- 
stead of  losing  the  railway  their  traffic;  and  this  will  be  in  some 
cases,  where  other  lines  are  not  likely  to  compete,  the  more  apt 
to  follow  the  more  completely  such  points  are  left  out  in  the 
•cold. 

Especially  when,  by  taking  a  central  line  between  two  subor- 
dinate centres  of  this  kind,  about  as  much  will  be  gained  from 
the  one  as  lost  from  the  other,  the  ultimate  effect  will  probably 
be  to  build  up  a  new  town  between  both,  affording  new  traffic, 
while  still  retaining  a  good  proportion  of  that  which  remains 
at  each  of  the  old  centres,  and  could  have  been  fully  secured 
from  one  of  them  only  by  wholly  neglecting  the  other;  thus  sub- 
stantially increasing  the  aggregate  traffic  of  the  line. 

This  amounts  to  saying  that  in  seeking  to  pass  through  the 
centre  of  the  population,  as  in  determining  the  centre  of  gravity, 
we  cannot  always  consider  one  body  alone,  but  must  consider 
several  as  constituting  one  composite  entity. 

67.  So,  too,  it  is  easily  possible,  in  laying  out  branch  lines  or 
the  parts  or  links  of  extended  systems,  to  be  so  over-anxious  to 
secure  some  trifling  advantages  of  local  traffic  as  to  seriously 
burden  and  cripple  other  and  much  more  important  interests,  or 
perhaps  lay  the  line  open  in  the  future  to  destructive  competi- 
tion. 

These  various  possibilities — con  as  well  2S  pra — are  very  fre- 
quently the  most  important  of  those  which  fix  or  should  fix  the 
location  of  a  line.  Especially  in  easy  country  it  may  almost  be 
said  to  be  the  rule  that  these  will  be  important  enough  to  over- 
rule engineering  disadvantages  of  considerable  moment,  the  ex- 
tent of  which  latter,  therefore,  it  will  often  be  waste  of  time  to 
consider ;  and  even  in  the  most  difficult  country  it  will  usually 
require  marked  and  decided  engineering  disadvantages  to  justly 
overbalance  any  considerable  advantages  as  respects  probable 
traffic  and  revenue. 

68.  The  question  of  the  location  of  termini,  and  its  effect 
upon  traffic,  is  really  closely  allied  to,  and  in  fact  a  part  of  the 
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general  question  of  how  near  to  bring  the  line  to  towns,  which 
we  have  just  been  discussing.  Nevertheless,  from  the  fact  that 
the  terminal  towns  are  usually  by  far  the  most  important  on  the 
line  and  likewise  the  most  costly  points  to  approach  closely,  sound 
business  judgment  is  violated  more  frequently  and  more  danger- 
ously at  such  points  than  at  points  along  the  line.  Had  it 
not  so  often  happened  that  lines  which  have  expended  mil- 
lions for  the  construction  of  long  lines  to  a  certain  place  have 
then  begrudged  or  failed  to  raise  the  necessary  additional  per- 
centage to  carry  their  line  into  it,  contenting  themselves  with 
hanging  on  to  the  skirts  of  the  town  somewhere,  where  they  can 
be  reached  by  horse-cars  or  hacks  and  drays,  it  would  seem  in- 
credible that  business  corporations  could  so  frequently  commit 
an  act  of  folly  whidh  can  fairly  be  paralleled  with  that  of  build- 
ing a  long  bridge  and  erecting  every  span  but  one — assuming, 
on  account  of  some  difficulty  with  foundations,  or  what  not,  that 
a  ferry  would  be  good  enough  for  that,  because  it  would  be 
**  such  a  little  one."  The  lines  which  do  or  have  pursued  this 
course  will  be  found  to  be  those  which  figure  most  prominently 
in  the  list  of  bankrupt  corporations  ;  and  the  evidence  of  that 
fact  is  so  patent  to  any  one  who  will  take  a  list  of  such  and  study 
it  over,  that  it  is  needless  to  add  more  to  what  has  been  already 
said  than  to  note  the  great  sums  which  successful  properties  spend 
in  reaching  the  heart  of  great  cities  to  remedy  former  errors. 

69.  In  England  hundreds  of  millions  have  been  expended  for 
this  purpose,  and  tens  of  millions  at  the  smaller  towns  alone.  In 
America  we  are  far  more  backward  than  the  best  interest  of  the 
properties  requires  :  but  many  such  works  have  been  recently 
carried  through,  one  example  of  which  is  the  new  entrance  of  the 
Pennsylvania  Railroad  into  the  city  of  Philadelphia  ;  while  at 
New  York,  Boston,  St.  Louis,  and  other  cities  similar  improve- 
ments have  been  made  or  are  being  projected  on  a  lavish  scale. 
Certainly  it  has  never  been  questioned  that  the  Philadelphia  ter- 
minus was  an  expedient  investment,  and  we  may  be  sure  that  it 
was  not  undertaken  with  any  other  view  by  the  management  of 
the  company.     It  was  executed  almost  wholly  for  the  local  con- 
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venience  of  Philadelphia,  and  consisted  in  carrying  in  the  com- 
pany's tracks  on  an  elevated  structure  to  a  point  very  near  to 
the  centre  of  the  city.  It  was,  moreover,  an  expenditure  to  which 
the  company  was  not  driven  by  competition,  except  as  to  a  small 
part  of  their  traffic,  for  they  had  good  facilities  for  both  freight 
and  passengers  ;  facilities  as  conveniently  accessible  as  they  well 
could  be  by  horse-cars — that  ever-ready  excuse  for  neglecting  to 
bring  railway-stations  into  the  centre  of  population.  Some  in- 
crease of  space  was  indeed  desirable,  but  it  might  have  been  se- 
cured much  more  cheaply  in  other  ways,  had  the  company 
deemed  it  expedient. 

The  Philadelphia  improvement  cost  about  $4,590,000,  of 
which  about  half  was  for  land  only  ;  or  about  $5  per  head  of  the 
population  concerned,  the  interest  on  which  at  five  per  cent  is 
about  $225,000  per  annum,  or  twenty-five  cents  for  each  man, 
woman,  and  child  of  the  population — a  sum  which  should  be 
largely  increased,  perhaps  doubled,  for  the  indirect  loss  on  in- 
vestments already  made,  and  from  operating  expenses  for  haul- 
ing the  whole  traffic  into  and  out  of  the  new  station,  to  which  the 
system  of  roads  centring  there  had  not  been  originally  adapted. 

It  is  to  be  presumed,  of  course,  that  the  value  of  this  improve- 
ment to  the  corporation  is  expected  to  be  considerably  more 
than  this.  Nor  does  such  expectation  seem  unreasonable  ;  for, 
independent  of  all  necessity  for  competition,  experience  at  other 
points  proves  that  it  would  be  a  paying  investment,  from  its 
direct  and  indirect  effect  to  encourage  new  traffic. 

In  the  company's  report  for  1881  it  was  stated — 

"  The  cost  of  this  work  is  already  having  a  marked  effect  on  the  develop- 
ment of  local  traffic  ;  and  it  is  believed  that,  in  addition  to  its  great  value  to 
through  and  competitive  business,  it  will  in  a  few  years,  by  its  promotion  of 
suburban  trains  reaching  the  park  and  other  portions  of  the  city,  and  its 
stimulus  to  the  traffic  before  referred  to,  fully  realize  all  that  was  contemplated 
at  the  time  of  its  original  construction." 

At  the  time  of  this  report  there  were  some  two  hundred  pas- 
senger trains  into  and  out  of  Broad  Street  Station  daily.  There 
are  now  about  fifty  per  cent  more. 


70  CHAP.   III.— CAUSES  MODIFYING  VOLUME  OF  REVENUE, 

70.  At  New  York  a  costly  improvement  was  carried  through 
at  the  joint  expense  of  the  city  and  the  New  York  Central  and 
Hudson  River  Railroad,  costing  some  $8,000,000,  in  order  to  per- 
manently insure  the  running  of  fast  trains  to  the  Grand  Central 
Station  at  Forty-second  Street,  which  will  probably  hereafter  be 
the  heart  of  the  population  patronizing  the  railway,  although  for 
the  present  it  is  rather  far  up-town.  The  then  existing  passen- 
ger station  at  Twenty-eighth  Street  was  abandoned,  in  part  on 
account  of  the  difficulties  and  expense  involved  in  securing  room 
at  that  point  for  the  immense  traffic  to  be  handled,  and  in  carry- 
ing the  line  to  it,  but  in  part  because  the  point  selected  was 
deemed  to  be  so  near  the  future  centre  of  the  city.  An  addi- 
tional passenger  station  (mainly  for  suburban  trains)  is  still 
maintained  on  the  west  side,  at  Thirty-second  Street,  as  are  also 
freight  stations  farther  down-town  on  both  the  east  and  west 
side,  to  and  from  which  cars  are  hauled  by  horses. 

71.  At  St.  Louis,  a  union  depot  for  all  the  railways  centring 
there  was  built  in  connection  with  the  great  St.  Louis  Bridge, 
the  whole  costing  some  $7,000,000;  while  there  is  hardly  a  city 
of  any  importance  where  smaller  improvements  of  the  kind 
are  not  projected  by  some  one  of  the  lines  reaching  it,  at  a 
largely  increased  cost  over  what  would  have  been  originally  nec- 
essary;— without  considering  in  this  statement  the  heavy  losses 
of  traffic  through  the  dubious  early  years  of  the  company's  his- 
tory which  have  enforced  such  improvements.  On  the  other 
hand,  there  is  no  instance  on  record  where  adequate  terminal 
facilities  once  acquired  have  been  abandoned  for  others  more 
distant  and  less  valuable,  because  the  market  value  of  the  prop- 
erty was  greater  than  its  productive  value  in  the  hands  of  the 
company. 

72.  To  apply  the  same  ratio  of  expenditure  as  is  incurred  at 
the  larger  cities  to  smaller  places  might  not  in  many  cases  be 
safe  for  these  reasons  : 

First.  The  average  receipts  per  head  of  population  increase 
very  much  faster  than  the  population.  (See  Chap.  XXL,  and  the 
various  tables  giving  revenue  per  head  of  population.) 
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Secondly.  At  very  large  cities  like  New  York,  Philadelphia, 
Chicago,  and  Boston,  the  distinctly  suburban  traffic,  making 
daily  trips  at  commutation  rates,  is  a  large  element,  which  espe- 
cially requires  the  best  attainable  terminal  facilities  and  the 
largest  possible  saving  of  time. 

Table  14  gives  some  idea — in  part,  it  must  be  confessed,  a  deceptive  and 
imperfect  one — as  to  how  large  a  part  these  various  works  constitute  of  the 
total  cost  of  railways  of  the  first  class,  and  how  imall  an  element  is  the  mere 
construction  to  sub-grade  between  stations.  See  also  Chapter  XXVI.,  on 
"Terminals." 

Table  14. 

Proportion  and  Amount  of  the  Various  Items  of  Cost  of  Road  and 

Equipment. 

New  York  Central  &  Hudson  River  Railroad,  1885,  953  miles ;  amount  of  track,  2.85  times 
length  of  line ;  and  in  less  detail  for  Pennsylvania  Railroad,  1257  miles. 


Nbw  York  Cbntral  &  Hudson  Rivbr. 


Itbms. 


Grading  and  masonry. . . . 

Bridge 

Supentructure 

Stations,  etc 

Land  and  land-damages.. 

Locomotives 

Passenger  cars 

Freight  cars 

Engineering 

Floating  Equipment. 

Total 

Stock 

Bonds 


Per 

Mile. 


$aa,ooo 

3.030 

33,500 
«5,4oo 

15.740 
6,630 
x,6x7 

x5,83o 
3,x6o 

393 


$116,300 


93.800 
59.000 


Per 
Cent. 


18.9 
a. 6 

97.9 

»3-3 
13.6 

5.7 

x-4 

13.6 

a. 7 

•3 


Pennsylvania. 


Itrms. 


Construction. ...  

Equipment 

Real  estate  and  telegraph . 

Total 


100. o 


Stock. 
Bonds. 


Per 

Mile. 


930,400 
19.300 
10,130 


•59.830 


$75,300 
53.500 


Per 
Cent. 


50.7 
39.3 
17.0 


zoo.o 


The  Pennsylvania  owns  enormous  amounts 
of  the  securities  of  controlled  roads,  repre- 
sented by  its  securities.  Its  policy  has  been 
to  defray  expenses  out  of  earnings  rather  than 
increase  capital  account. 


The  small  proportion  which  the 
investment,  on  lines  of  importance, 


bare  cost  of  laying  down  the  track  bears  to  the  total 
is  clear  from  the  above. 


Thirdly,  At  almost  all  points  in  the  United  States  the  proba- 
bilities of  future  growth  must  be  remembered,  which  will  some- 
times, as  at  New  York,  bring  a  point  which  is,  for  the  time  being. 
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considerably  outside  of  the  centre  of  population  into  the  very 
heart  of  it. 

Nevertheless,  no  town  is  so  small  that  the  considerations 
advanced  are  not  more  or  less  applicable  to  it,  and  the  usual  law 
of  development,  when  topographical  impediments  do  not  forbid 
it,  is  that  the  town  spreads  equally  in  all  directions,  its  centre  of 
gravity  remaining  unchanged,  as  in  the  case  of  London,  and 
measurably  of  Chicago,  Philadelphia,  and  other  cities  ;  in  which 
case  the  disadvantages  of  having  a  terminus  at  a  distance  from 
that  centre  do  not  decrease  with  time,  but  increase  in  direct  ratio 
to  the  population. 

73.  Although  the  impossible  task  of  definite  technical  analysis 
of  the  revenue  considerations  here  discussed  has  been  passed  by, 
it  is  hoped  that  enough  has  been  said  to  impress  upon  the  minds 
of  engineers  and  projectors  that  they  are  entitled  to  great,  if 
somewhat  indeterminate,  weight,  and  that  it  is  unsafe  for  any 
engineer  to  enter  upon  the  work  of  laying  out  a  railway  with  no 
more  thought  of  its  financial  future  than  a  vague  idea  that  the 
passenger  revenue  is  obtained  by  selling  tickets,  and  the  freight 
revenue  is  measured  by  the  sum  of  the  way^-bills,  and  that  neither 
is  any  concern  of  his  ;  his  duty  being  simply  to  get  the  shortest, 
cheapest,  and  straightest  line, — the  phrase  has-  almost  hardened 
into  a  formula, — and  that  when  he  has  gotten  it  he  has  done  his 
whole  duty.  It  may  be  that  he  has,  but  it  does  not  follow  ;  and 
the  chances  are  good  that  he  will  have  not  only  completely  failed 
to  do  it,  but  will  have  involved  the  projectors  in  certain  ruin ; 
because,  although  the  amount  by  which  the  revenue  can  be  mod- 
ified by  differences  of  location,  or  even  by  differences  in  the  sub- 
sequent management,  is,  as  a  rule,  only  a  small  percentage  of 
the  aggregate  revenue,  yet  it  is  this  small  percentage  alone  in 
which  the  original  projectors  have  a  property  interest ;  that  por- 
tion of  the  revenue  which  goes  to  pay  fixed  charges  and  operat- 
mg  expenses  being  m  no  sense  theirs. 

The  strength  of  the  argument  for  neglecting  no  effort  to 
reach  all  possible  sources  of  traffic  is  greatly  strengthened  by  the 
considerations  which  it  seemed  more  appropriate  to  discuss  io 
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Chapter  XXL,  but  which  have  a  very  direct  bearing  on  the  sub- 
ject-matter of  this  chapter. 

74.  That  the  effect  of  comparatively  slight  causes  to  influence 
revenue  has  not  been  exaggerated,  may  perhaps  be  proved,  as 
effectually  as  in  any  way,  by  a  trivial  incident  which  the  writer 
knows  to  be  authentic  : 

A  certain  railway,  for  competitive  reasons,  determined  that 
some  marked  improvement  in  its  eating  stations  must  be  made 
to  meet  the  competition  of  dining-cars  on  a  rival  line.  The  pro- 
prietor  of  one  of  these  establishments,  therefore,  was  instructed 
to  make  certain  decided  improvements  in  the  appointments  of 
his  table,  and  in  the  character  and  quality  of  the  viands  provided, 
at  the  expense  of  the  company,  and  to  send  in  his  bills  from 
time  to  time  for  this  additional  expenditure.  The  bills  not  com- 
ing in,  although  the  desired  betterments  had  been  (with  some 
reluctance)  made,  and  with  results  very  gratifying  to  the  com- 
pany, the  proprietor  was  again  requested  to  send  in  his  bills ; 
when  it  appeared,  on  inquiry  as  to  each  item  in  succession  for 
which  he  had  been  specifically  instructed  to  increase  his  expen- 
diture at  the  expense  of  the  company,  that  the  proprietor  was 
^'satisfied  that  it  paid  him,"  or  that  it  was  "no  more  than  he 
ought  to  do,"  or  that  he  was  **  well  enough  contented  as  it  was" 
— in  short,  that  he  had  no  bills  to  present. 

Such  an  incident,  the  details  of  which  were  precisely  as 
stated,  must  be  admitted  to  be  an  extraordinary  instance  of  the 
power  of  conscience  in  a  class  who  are  not  often  given  credit  for 
having  any,  but  it  is  also  a  proof  that  great  direct  advantages  to 
the  proprietor,  as  well  as  indirect  advantages  to  the  company, 
must  have  resulted.  To  fully  appreciate  its  bearing  upon  those 
semi-technical  questions  which  depend  more  or  less  on  the 
peculiarities  of  human  nature,  two  additional  facts  must  be 
remembered.     On  the  one  hand — 

1.  A  large  fraction  of  the  passengers  have  but  slight  reason 
to  choose  between  one  or  another  railway  before  beginning  their 
journey  ;  while,  on  the  other  hand, 

2.  The  journey  once  entered  on,  they  have  no  choice  what- 
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ever  as  to  where  to  take  their  meals,  but  to  take  such  meals  as 
are  set  before  them  at  the  appointed  stopping-places,  or  go 
hungry.  The  railway  restaurant  business  is  pre-eminently  non- 
competitive. 

If,  therefore,  a  trifling  improvement  in  meals,  which  had  never 
been  really  bad,  could  so  materially  affect  the  non-competitive 
business  of  a  railway  restaurant,  what  is  the  probable  effect  of 
the  same  and  other  slight  causes  on  the  traffic — especially  on  the 
receipts  from  that  considerable  class  who  travel  a  great  deal  by 
rail,  but  hardly  make  a  really  necessary  trip  more  than  two  or 
three  times  in  a  lifetime  ? 

With  this  attempt  to  solve  by  a  parable  an  essentially  inde- 
terminate problem,  we  pass  to  those  branches  of  our  subject 
which  are  often  of  less  real  importance,  but  which  admit  of  more 
definite  and  technical  treatment,  and  which,  perhaps  for  that 
reason,  are,  not  unnaturally,  too  often  the  only  ones  considered 
by  members  of  a  definite  and  technical  profession. 


CHAPTER   IV. 

THE  PROBABLE  VOLUME  6f  TRAFFIC,   AND  LAW   OF  GROWTH 

THEREIN. 

75.  It  having  been  once  determined  that  a  railway  is  to  i>c 
built  at  all  between  any  two  points,  with  the  consequent /r/wj- 
fiuie  corollary  that,  excepting  when  and  as  reasons  to  the  con- 
trary appear,  it  is  to  be  the  cheapest  line  over  which  trains  can 
be  run  with  due  safety  and  speed,  the  probable  nature  and 
volume  of  the  future  traffic  becomes  the  vital  question  ;  for  both 
the  revenue  and  the  operating  expenses  will  vary  in  close  ratio 
therewith,  and  only  to  increase  the  one  or  diminish  the  other 
are  we  justified  in  expending  more  money  than  proper  security 
in  handling  trains  requires.  The  more  the  traffic  of  a  railway 
the  larger  the  pecuniary  saving  from  a  given  betterment  in  the 
rate  and  distribution  of  gradients,  curvature,  or  distance — and 
the  more,  consequently,  the  justifiable  expenditure  to  effect  it ; 
the  criterion  being :  Will  a  certain  betterment,  which  is  not  an 
essential  for  the  safe  passage  of  trains,  save  the  company  more 
per  year  in  operating  expenses  (or  add  more  to  the  revenue,  in 
the  limited  class  of  problems  in  which  that  question  comes  in) 
than  it  will  add  to  fixed  charges  by  the  capital  expended  to  effect 
it  ?  If  it  will,  the  expenditure  and  betterment  should  be  made  ; 
if  it  will  not,  it  should  not  be  made. 

76.  To  determine  the  probable  volume  of  traffic  with  exactness 
is  of  course  impossible;  nor  is  it,  fortunately,  particularly  im- 
portant to  do  so,  if  we  make  a  reasonably  close  approximation  ; 
for  the  reason  elsewhere  discussed,  that,  with  a  judiciously  located 
line,  the  saving  by  adopting  a  poorer  line  than  one  naturally 
adapted  to  the  topography  is  ordinarily  not  so  great  that  any 
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probable  deficiency  in  the  estimate  of  traffic  would  permit  of  it; 
while,  on  the  other  hand,  the  cost  of  defying  the  natural  topo- 
graphical conditions  is  ordinarily  too  great  for  any  probable 
excess  in  the  estimate  of  traffic  to  permit  of  it  wrongly.  In  other 
words,  the  danger  lies  in  having  no  criterion,  or  in  a  false  per- 
spective as  to  the  relative  importance  of  various  ends,  or  in 
purely  arbitrary  decisions  based  on  no  investigation  whatever, 
rather  than  in  a  certain  percentage  of  error  in  our  criterion. 

All  that  we  need  to  do,  therefore, — all  that  will  have  any 
important  Deanng  on  our  action,  as  experience  will  soon  teach, 
— is  to  bring  reasonably  near  to  each  other  the  maximum  and 
minimum  probabilities, — "  the  limits  of  error  in  either  direc- 
tion, somewhere  within  which  lies  the  truth  and  anywhere  out- 
side of  which  lies  a  certainty  of  error."  This  there  is  ordinarily 
no  difficulty  in  doing. 

77.  In  a  rude  way  it  can  be  done  at  once  by  any  one  at  all 
familiar  with  railroad  work.  We  know  at  once  whether  a  line  is 
more  likely  to  have  a  light  local  traffic  or  a  trunk-line  traffic.  It 
is  but  a  step  further  to  determine  with  very  approximate  exact- 
ness that  a  line  will  have  somewhat  more  traffic  than  this  or  that 
or  the  other  line  near  it,  or  similarly  situated  in  other  regions, 
and  less  traffic  than  as  many  others  ;  from  which  the  establish- 
ment of  a  mean  for  the  immediate  traffic  and  its  future  growth 
is,  with  some  knowledge  of  railroad  business,  a  simple  matter. 

78.  The  greatest  difficulty  in  making  such  estimates  is  ordi- 
narily the  fact  that  to  make  them  it  is  essential  to  estimate  and 
allow  for  the  probable  future  growth  of  traffic,  since  it  is  rarely 
the  case  that  a  railway,  especially  in  the  United  States,  is  built 
simply  and  only  to  accommodate  the  traffic  "in  sight,"  as  min- 
ers say.  On  the  contrary,  it  has  been  and  will  continue  to  be 
frequently  the  case  that  the  railway  is  relied  upon  not  only  to 
accommodate  but  to  create  a  great  part  or  the  whole  of  the 
traffic  for  which  it  is  built.  Even  when  the  population  of  the 
region  traversed  cannot,  as  it  can  in  most  parts  of  the  United 
States,  be  expected  to  rapidly  increase,  experience  has  shown 
that  if  the  surrounding  territory  has  heretofore  been  but  scantily 
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provided  with  railway  facilities,  (i)  the  traffic  of  the  first  few 
years  will  be  but  a  small  proportion  of  what  would  normally  be 
expected  from  a  similar  population  elsewhere,  and  (2)  that  it 

Table  14i. 

Earnings  Per  Head  of  Population  and  Per  Mile  of  the  Railways  of 

THE  State  of  Iowa. 


Miles  op  Road. 

Population. 

Gross  Earnings. 

Ykax. 

Total. 

In- 
crease. 

Actual  or 

Estimated. 

I  =  1000. 

Per  Mile 
of  Road. 

Touls. 

Per  Mile 
Road. 

Per  Head 
Popula- 
tion. 

1862 

626 

653 
727 

•  •  •  • 

27 

74 

778. 

4£: 

»,a43 
1,271 
1,212 

$1,109,346 
», 570,546 
2,553,699 

•1,772 
2,405 
3.512 

•1.42 
1.89 
2.89 

1863 

m  w  J  ........... 

1864 

1865 

847 

120 

934. 

1,103 

3,871,783          4,572 

4.14 

1866 

1,060 
1,228 
1,448 
2.081 

213 
168 
220 

533 

t  986. 
1 1,038. 
1 1,040. 
t  1,142. 

930 
838 

734 
S50 

4.118,006              o.RR^ 

4. 12 
5.65 
736 
9.12 

1867... 

1868 

5,867,501 

8,024,931 

10.409,950 

4,778 

5,541 
5,002 

1860      

1870 

2,683 

602 

•  1,194.320 

445 

",932,352 

4,447 

10.00 

1871 

3,160 

3,643 
3,728 

3,765 

477 

483 

85 

37 

t  1,231.600 
t  1,270.100 
1 1,309.800 
1 1,350.700 

389 
349 
352 
359 

t 

1872 

187^. 

X874 

•    •    •    •    • 

"875      

3,850 

85 

•  1,393.000 

362 

1876 

1877 

3,939 
4,134 
4,«57 
4,396 

89 
195 

23 

239 

t  i,4j6  500 
t  1,481.400 
t  1,527.700 
t  1.575.400 

365 
360 
368 

359 

5.903 
5.587 

•"/f 

1878      

(24,550.000) 
(24.500,000) 

16  08 

1870 

»5  54 

•  w/y .  .......... 

1880 

4,977 

581 

•  1,624.615 

327 

(27,250,000) 

5.491 

16.80 

x88i   

5,426 
6,337 
7,015 
7.249 

449 
911 

678 

234 

t  1,675.400 
t  1,727.700 
t  1,781.700 
t  1,837.400 

309 
272 

258 
253 

98,452,181 
32,023,966 

34,433,355 
35,735,272 

5,084 
5,607 
5,386 
5,481 

16.98 

18.54 
>9.35 
19.46 

1882 

x88i 

***^3 

1884 

*  Actual.  t  Estimated. 

The  tendency  of  earnings  to  increase  about  as  the  square  of  the  population  tied  together 
by  convenient  means  of  transportation,  discussed  in  detail  in  Chapter  XXI.,  is  very  con- 
spicuous in  this  and  the  following  table. 

may  be  expected  for  the  first  few  years  to  have  an  abnormally 
rapid  growth.  Table  14^  shows  this  clearly.  Even  in  a  com- 
paratively densely  populated  State  like  Massachusetts,  or  in  a 
country  like  England,  which  are  neither  growing  rapidly  in 
population  nor  ill  provided  with  existing  facilities,  experience 
has  shown  (Tables  15  and  16)  that  the  rate  of  growth  is  rapid 
enough  (from  5   to  8  per  cent  per  annum,  as  an  average)  to 
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Table  15. 

Earnings  per  Head  of  Population  and  Per  Milk  of   Road    of   thi 

Railways  of  Massachusetts. 


M1LB8  OP  Road. 

POPULATIOM. 

Gsoas  Earnings. 

Ybar. 

Toul. 

Per 

cent.  ID 
Mass. 

Actual  and 

Estimated. 

I  _  1000. 

Per  Mile 
Road. 

Total 
CThooaands). 

Per  Mile 
Road. 

Per  Head 

Pdpula- 

uoo. 

1845 

463 

97 

837. 

1.885 

ta»895 

$6,250 

$3-35 

46 

6aa 
715 
787 
945 

96 
95 
94 
93 

882. 
909. 
937- 
965- 

«,542 
'.336 
i,a65 
1,096 

3,64a 
4,965 
5,406 
5.74« 

5.850 
6,950 

4**3 

^w ........... 

^7     

5.19 

Js:    

5-43 

4*' 

49 

554 

1850 

1,09a 

92 

994. 5M 

99« 

6,4ao 

5,890 

5-94 

BT 

1,14a 
1,150 
1,164 

i.»94 

9« 

% 

88 

1,016. 
1,038. 
1,060. 
1,083. 

978 
1,003 

1,013 
i,oa4 

6,600 
6,886 

7,977 
8.696 

5.770 

6^8^ 
7,300 

5.91 

3* 

Ka 

5-05 

5* 

ei    

0  ya 
0.70 

bo 

54 

7  04 

1855 

i.aSi 

87 

1,107. 

972 

9,077 

7.090 

7.11 

e6 

1.325 

J. 35 1 
1,380 
1,380 

86 
85 
84 
83 

1,130. 

1,155- 
1,180. 

i.aos. 

960 
97a 

973 
993 

9,750 
9.094 
8,597 
9,77« 

7,370 
7,360 
6,a2o 
7,080 

7.4a 

J** 

e7 

6.69 
6.XS 

57 

c8 

5** 

59   

6.75 

i860 

».37i 

8a 

1,231.066 

».033 

9.936 

7.a6o 

6.63 

61 

1,366 
1,386 

1,475 
1.486 

81 
81 
82 

83 

1,252. 
>,273- 
1,295. 

1.317- 

1,063 
1,080 
1,04a 
1.070 

8.669 

9.655 
11,711 

14,981 

6,340 

6.960 

7,920 

10,100 

5.6a 

62 

6^ 

6.09 
7.ai 
9  78 

^3 

64 

i86s 

1,500 

83 

1,340. 

1.108 

»7.459 

11,660 

11.04 

00 •••«••       ••• 

67 

»,550 
i,6ia 

1,749 
1.979 

84 
84 
85 
85 

1,362. 

1,385. 
1,409. 

1.433 

1,088 

1,076 

«,oa3 

930 

i9,24« 

>9,444 
ao,788 

2a,495 

12,430 
I  a,  100 
11,990 
11,380 

ia.i6 
ia.17 
xa.6o 

"/ 

68  

69  

«3-35 

1870 

».475 

»,457.3S» 

988 

13,2*0 

«3  40 

IX 

2,098 
2.194 
2,365 
2,4x8 

1,601 
1,658 
1.735 
1.783 
i.8t7 

1,487. 

«.5i7- 
1.548. 
1,580. 

930 

9»4 
96a 

887 

a7,i86 
30,879 

34,930 
34.000 

Ja,9§o 
14,080 
14.800 
14.070 

13-94 
14.30 
»5.38 
15-88 

/* 

72 

/* 

73 

74 

1875 

2,459 

2.479 
2,496 

2,492 

2,626 

1,6X2. 

895 

31.495 

ia,8ao 

14-35 

76 

1.837 

1.855 
1,850 
1,862 

1.645- 
1.678.. 

»,7»3 

1.747- 

896 
903 
927 
94> 

29,856 
a8.93a 
a8,oo3 
29,>53 

ia,o7o 
ii,6ao 
ii,a50 
11,100 

13-48 
ia.77 

X9.I5 

11.80 

77   

78 

/*' 

7Q      

/v    

1880 

2,667 

1,893 

1,783-085 

945 

33,66a 

12.640 

13.38 

81 

82 

2.755 
2.778 

2.783 
2.852 

1,928 
1.949 
1.953 
1.974 

1,820. 
1.859. 
1,897. 

1,937- 

944 
955 
974 
98a 

35.936 
39.094 
41,636 
4X.457 

13.070 
14.100 
15.010 
14,560 

13.85 
14.78 
15.40 
14. 86 

8^ 

**  J 

84 

The  actual  mileajje  in  the  State  limits  is  not  given  previously  to  1870,  and  an  assumed 
percentafi:e  has  been  used  to  determine  the  population  and  eaming^s  per  mile  of  road. 
From  1870  to  1884  the  earninp:s  per  head  are  computed  by  assuming:  that  the  average 
earnings  per  mile  of  road  were  no  greater  inside  than  outside  the  State  limits,  whidi 
is  certainly  incorrect,  and  on  an  average  will  probably  make  the  earnings  per  head  ten 
to  fifteen  per  cent  too  small.     From  1861  to  1870  inclusive  the  total  earnings  within 
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constitute  an  element  which  might  be  legitimately  considered  in 
laying  out  a  new  line.  The  table  embodying  this  English  ex- 
perience is  very  instructive,  as  indicating  a  minimum  of  growth 
under  settled  conditions  which  no  large  section  of  this  country  is 
likely  to  fall  below  for  many  decades. 

In  all  but  the  rarest  instances,  it  would  be  absurd  to  claim 
that  no  allowance  should  be  made  for  future  growth  of  traffic, 
and  often  it  should  be  a  very  large  one.  Nevertheless,  while, 
theoretically,  large  allowances  for  this  future  traffic  are  almost 

Table  16. 
Growth  of  English  Railways  and  Railway  Traffic. 


Ybab. 

MlLBS. 

Capitau 

No.  of 

Passengert. 

MilUont. 

Double 
or  more. 

Single. 

Total. 

Total. 
1  =  $1,000,000. 

Per  Mile. 

1  s  $1000. 

1855 

6»i53 
6,690 

7.711 
8038 
8,898 
9,803 
10,939 

9,189 

3.743 
6.143 
7,038 
7,760 
8,130 
8,695 

8,335 
10.433 

13.854 
15.376 
16,658 

17.933 
18,864 

1446. 
1699. 
9313. 

9574. 
3061. 

3537- 
389a. 

173.4 

164.0 

166.6 
165.7 
183.8 
197.9 

906.1 

118.6 

I860 

163.4 
951.9 

336.5 
507.0 

603.9 
695.0 

1805 

1870 

1875 

1880 

1884 

Rbckipts. 

Percent 
Oper- 
ating 

BzpensesL 

Percent. 
Net 

Ybak. 

Total. 
Millions. 

Per  Mile 
of  Rowl. 

Per 
Train 
Mile. 

Per  Cent  from— 

Receipts 
to 

Pass.        Freight 

CapitaL 

1855 

% 
104.6 

134.8 
174.4 

9I0.8 

986.3 

306.0 

398.8 

% 
ia,530 

".930 
13,190 

13.570 
17,900 

17.040 
17,440 

cu. 
140.6 

131.5 
195.0 
194.4 

136.5 
197.9 

191.3 

49-7 
47.1 
46.9 

4«.8 
49.0 

41.5 
4a.6 

50.3 
50.9 
53.8 

53-5 
54.3 
54.6 

53.4 

«  ■  ■  • 

47 
48 
48 
54 
51 
53 

I860 

1865 

4.19 
4.11 

4.41 
4.45 
4.38 
4.16 

1870 

1875 

f880 

1884 

Compiled  from  the  Board  of  Trade  returns. 


the  State  were  given  separately.  Previously  to  1861,  the  total  earnings  divided  by  the 
population  of  the  State  was  multiplied  by  the  assumed  per  cent  of  mileage  within  the 
State  limits  for  the  earnings  per*head.  The  compilation  for  the  years  preceding  1871  was 
abstracted  from  an  old  volume  of  the  Raihoay  Times, 

See  also  Tables  ai  to  26,  83,  and  various  others  for  indications  as  to  growth  of  traffic. 
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always  justifiable,  it  is  for  practical  reasons  so  exceedingly  dan- 
gerous as  to  amount  to  absolute  folly  for  an  average  Americao 
corporation,  even  of  the  more  prosperous  kind,  to  look  ahead  for 
more  than  from  three  to — at  most — ten  years  for  the  "  rapidly 
increasing  traffic"  which  is  to  justify  an  increase  of  present 
expenditure  over  what  the  prospects  of  the  present  and  the  im- 
mediate future  will  justify. 

79.  Let  us  see  why  this  is  so.  The  theory  of  the  subject  is 
simple :  In  Table  i8  is  given  the  present  value  or  present  justi- 
fiable expenditure  to  save  $i  (or  one  unit  of  any  other  value) 
at  the  end  of  any  given  period  at  any  given  rate  of  interest;  that 
is  to  say,  the  sum  which,  if  placed  at  compound  interest  now, 
will  produce  $i  at  the  end  of  the  specified  period.  This  fact 
given,  it  logically  follows,  that  if  the  value  of  a  given  betterment 
for  a  given  immediate  traffic  be  $i,  the  present  value  of  the 
same  betterment  for  an  equal  traffic  which  is  to  exist  only  in  the 
future  will  be  that  sum  which  at  compound  interest  will  produce 
$1  when  the  assumed  traffic  comes  to  exist.  If,  for  example, 
we  expect  the  traffic  to  double  in  ten  years,  we  may  spend  for  a 
betterment  worth  $i  to  the  present  traffic,  $i  +  the  sum  which 
will  produce  $i  at  the  end  of  ten  years,  which  latter  is  at  7  per 
cent  (Table  18)  50.8  cents;  so  that  under  these  conditions  (which 
would  apply  to  most  new  American  lines)  we  should  be  war- 
ranted in  spending  50.8  per  cent  more  money  to  effect  given 
betterments  than  we  would  for  the  traffic  "  in  sight," 

Table  17. 
Value  of  $i  placed  at  Compound  Interest  for  a  Term  of  Ybars. 


With  Intbrbst  at— 

Years. 

3 

per  cent. 

per  cent. 

percent. 

4 
per  cent. 

5 

percent. 

per  cent. 

8 

percent 

10 
percenL 

X 

a 
3 

4 
5 

6 

7 
8 

9 

x.03 
X.06 
x.09 

«X3 
x.x6 
X.X9 

x.as 
x.a7 
x.30 

x.03 
x.06 
x.xo 

X.I4 

x.x8 
x.aa 

x.26 
x.30 
'•34 

x.03 
x.07 
x.xx 

x.xs 
X.X9 
x.23 

x.27 

x.32 
x.36 

X.04 
X.08 
X.xa 

X.X7 
x.aa 
x.a7 

x.3a 

x-37 
x.4a 

x.05 
x.xo 
i.x6 

i.aa 
x.aS 
z-34 

1.4X 
Z.48 
1.55 

x.06 
x.xa 
X.X9 

x.a6 

x-34 
x.4a 

x.50 
x.59 
x.69 

x.08 
X.X7 
x.a6 

1.36 

1.47 
x.59 

X.7X 
x-85 

2. 00 

x.xo 
x.as 

X.39 

\t 

X.77 
x.95 

10 

1.34     1         1.38 

1.4X     i        X.48 

X.63 

X.79 

a.x6 

a. 59 
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Table  17. — Continued. 
Value  of  $i  placed  at  CoMPOifND  Interest  for  a  Term  of  Years. 


With  Interest  at — 

Ybar.s. 

3 

percent. 

percent. 

3« 
per  cent. 

4 
per  cent. 

5 

per  cent. 

6 

per  cent. 

8 

per  cent. 

10 

percent 

ID 

1-34 

1.38 

X.4X 

1.48 

1.63 

1.79 

a. 16 

2.59 

It 

IS 

»3 

14 
»5 

16 

«9 

t.38 
x-43 
X.47 

1.51 

1.65 

1.70 

»-75 

"•53 

1.86 

1.46 
1.5X 
X.56 

t.6a 
1.68 
»-73 

!:S 

x.9a 

1-54 
X.60 

X.67 

1.87 

1.95 
S.03 

S.XX 

X.7X 
t.8o 
X.89 

'•^ 
3.08 

s.tS 

3.99 
9.4X 

a  53 

x.89 
a. ox 
S.X3 

3.36 
9.40 
a. 54 

9.69 
9.85 
3  03 

a. 33 
3.5a 
3.73 

a. 94 
3.X7 
3-43 

370 
4.00 

4-31 

a.85 
3.«4 
3-45 

3-79 

4.60 

5.05 

5.55 

6. XX 

SO 

t.8i 

«-93 

«  99 

3.X9 

3.65 

3-ai 

4.66 

6.73 

SI 

•s 
as 

«4 
•5 

•6 

•7 
s8 

a9 

1.86 
1.9a 
«-97 

a. 03 
a.09 
3.x6 

a.aa 
3.39 

a.  36 

1.99 
3.06 

8.X3 

a. 30 
3.37 
a. 35 

a-43 
3.51 

a. 59 
3.68 

3.06 
3.X3 

3.9X 

3.a8 
3.36 

a. 45 

a. 53 
3.63 

2.7X 

8.38 

3.46 
9.56 

3.67 

a. 77 

3.88 
3.00 
3x3 

a. 79 

a. 93 
3.07 

3.«3 
339 
3.56 

3-73 
3.9a 

4.13 

3.8a 

4.05 
4.39 

4.55 

4.83 
5. XX 

5.43 

5.03 
5.44 
S.87 

Ig 
7-39 

in 

9.3X 

7.39 
|.X3 

8.94 

9.83 
xo.Sx 
XX. 90 

13. 08 

>4.39 
X5.83 

SO 

a.  43 

3.8X 

3a4 

4.3a 

5.74 

X0.06 

17. 4X 

3» 
3a 
33 

34 

39 

a. 50 

3.65 

3.73 
3.81 
a.90 

a. 99 
307 
3x7 

a. 77 
3.86 

3.96 

3.06 
3.«6 
3a7 

3-37 
3.48 
3.60 

3.9X 

3.0X 

3  " 

3.33 

3-33 
3.45 

3-57 
3.70 
383 

3-37 

3.65 

3-79 
3-95 
4.XO 

4a7 
4.6a 

4  76 
5.00 

5-85 
5-5a 

5-79 

6.08 
6.39 
6.70 

6.09 

6.45 
6.84 

7.25 

8.15 

8.63 
9.15 
9.70 

X0.86 

XI. 74 
13.67 

X3.69 
X4.78 
15.96 

17.34 
X8.63 
ao.it 

19.  X5 

31. 06 

33.  X7 

35.48 
38.03 
30.83 

33.9* 
37.30 

41.03 

40 

3.26 

3.73 

3  9« 

4.80 

7.04 

10.38 

31. 72 

45.  xa 

4a 

44 
46 
48 

3-<6 
367 
3.90 
413 

3-97 
4.23 
4.5a 
4.83 

4.24 
4-54 
4.87 
5.ai 

5.62 
6.07 
6-57 

7.76 
8.56 

9.43 
10.40 

XX. 56 

13.98 

M.59 
16.39 

»5.33 
29.54 
34.46 
40.19 

66.04 

96.67 

ftO 

4.38 

5  15 

5.58 

7. IX 

11.47 

X8.43 

46.88 

117.0 

5a 
54 

5« 

4.65 

4-93 
5-83 

5-55 

5- 50 

6.37 
6.70 

5.98 
6.41 
6.87 

7.35 

8.99 
9  73 

13.64 
13-94 

15 -37 
16.94 

20.70 

33.35 

a6.x3 
39.36 

54-68 
63.78 

86.77 

14X.5 
17X.S 

207.x 
250.5 

60 

5.89 

7  15 

7.88 

10.5a 

18.68 

32.99 

lox.a 

303.x 

6a 

68 

6.35 
6.63 

7.46 

7.64 
8. 15 
8.71 
9.30 

8-.  44 

9.04 

9.68 

10.37 

11.38 
13.31 

X3.3X 
X4.40 

20.59 
2a.7o 
25  03 
27.60 

37.06 
4X.65 

46.79 
52.58 

118.0 

137-7 
X60.6 

X87.3 

366.7 

443-6 

536.7 
649.4 

70 

7.9a 

9.93 

ZZ.II 

X5-57 

30.43 
38.83 
49.56 
63.85 
80.73 

5908 

318.5 

785.6 

85 
90 

9.18 
10.64 
X3.34 
U.30 

IZ.69 
13.78 
x6.a3 
19.13 

X3.20 

X5.68 

X8.63 

33.11 

18.95 

a3  05 
38.04 
34.12 

79.06 
X05.80 
X4X.58 
189.47 

331.0 

47X.6 

693-0 

Z018.1 

X365. 
2036. 
3278. 
5277. 

too 

19.33 

36.55 

31. 19     ' 

50.50 

X3X.50 

339.30 

3197.9 

X3677. 

Formula:  ^=(14-  r)n,  in  which  r  =  rate  of  interest,  n  =  number  of  years,  and  S  = 
amount  of  $1  at  compound  interest. 


CHAF.  IV.— PROBABLE  VOLUME  OF  TRAFFIC 


Table  18. 
Present   Justipiablb   ExfEHDiTUKB  to  n- 

CUKE   A    RBTUEN    of     |i    AT    THE    END   OF 

ANV  Number  of  Years. 

Table  19. 

Saving  per    Annum  which 

WILL  m  THE  Aggrbcate 

End  of  a  Term  of  Vkau. 

W.TH    |NT„«T  «- 

Veaii. 

WtTH    IBTSHSTAT- 

s 

P?r  '   4r 

s 

7 

■ 

10 

P" 

1 

4 
cmL 

3 

ceot. 

c^ 

1 

\ 

9 

.BBS 

1 

:lg 

.gjS 

.760 

i 

li 

Si 

;i 

■7*5 

-6»3 

.58. 

%\ 

.630 
-584 
.340 
-s™ 

■5 

■A 

:J6| 

1 
i 

■i 

.490 

■JU 

.(*T 

"I* 

li 

i 

-436 

ii." 

1 

:S 

,576 
.»3» 

.078 
.058 

■°43 

:3! 

i 

3 

.046 

.6, 

■■« 

■=» 

■<H3 
!b3I 

■m6 

3 

:! 

■4» 

.35a 

3 

li 

.16S 

i 

■X 

'i«4 
.184 

■5 

,076 

.031 

3 

.031 

■o»7 

.D>« 

"1 

.io« 

..64 

T76T 

.138 

i 

\^'t 

;3| 

,OSB 

;2 

54 

:."3 

■3 
.013 

.009 

■■"J 

:3 

..*T 

40 

3 

I 

;S 

:«a  1 :"!; 

■"9 

:Hr 

s 

.9'0 

:3 

■-» 

_■?■»       -'4. 

.odj 

,(.«  •   .OJ4 

-9 

"9 

"S 

■-I 

CUAP. 

/r.— 

PROBABLE  VOLUME   OF 

TRAFFIC 

83 

Table  \B.—Can/inued. 

Present  Justifiable  Expenditure  to  se- 
cure A  Return  of  fi  at  the  End  of 
ANY  Number  of  Years. 

Table  \^.— Continued. 
Saving  per  An\um  which 

WILL    IN   THE   ACGKEaATE 

EndofaTermofYeabs. 

Wm  Intiiiut  at—  ' 

v..^ 

W.™    iNTHSKBT  AT- 

.„. 

3 

per 

4 
P" 

cfnt. 

e 

per 

per 

s 

P" 

10 

cm'' 

4 

s 

B 

^3 

OOJ 

^oos^ 

il    i 

.JJO 

:o6j 

3 

!oi4 

:^" 

.i»3 

••         1    ..7. 

ao 

ood 

6i 

■  m 

s 

:o^ 

:=;! 

:d 

s 

■  oos 
.ooj 

.OO] 

i 

.ii6 

.obt 

65 

:S 

;i 

;r 

ss 

■z\ 

;E 

OJl 

.™ 

.00« 

.»3  1  .«. 

.™ 

,™ 

.«.j 

«>. 

nxi 

o«. 

Showinq  the  J 

ERMsC 

E  Present  Expenditure 
Years  at  various  Ratrs 

TO  SAVE  %1   PER  ANNUH 

PER  Cent  for  Capital. 

V^ 

3 

percent. 

4 

s 

pereeol. 

■ 

T 

s 

percent. 

• 

10 

1 

I 

4-^ 

11 

3.63 

1= 

i 

1 

i 

.1 

1'! 

1° 
1 

1! 

61 

15 

3«9 
4.49 

fc.91 

II. y> 

B,l6 

Hies 

9 

i 

11 

9, 3D 

10. 4B 

i 

i 

:! 

s 

ii 

ii 

»0              ,4.8. 

MW 

•i              ...47 

J¥ 

,8. 

9.n 

8.  SI 

CHAP.  IV.'^PROBABLE  VOLUME  OF  TRAFFIC 


Table  20. — CanHmued, 
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16.16 
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31.60 
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Perpetuity. 

ao.oo 

16.67 

14.29 

12.50 

XX. XX 

xo.oo 

This  table  gives  simply  the  capital  sum  which  will — 

(i)  Return  $i  per  annum  in  interest  during  the  given  term  ;  and, 

(2)  Return  an  additional  sum  in  interest  each  year  which,  placed  at  compound  ii 

at  the  same  rate,  will  extinguish  the  principal  at  the  end  of  the  given  term. 

At  10  per  cent  for  capital  it  is  worth  spending  but  twice  as  much  to  ensure  a  saving  of 

$1  per  annum  for  ever  as  to  ensure  it  for  7  years  only^.     At  the  much  higher  rates  whidi. 

jwople  often  wish  to  be  assured  of  before  spending  money  in  new  enterprises  it  is  worth 

practically  nothing  to  save  money  more  than  6  or  8  years  ahead. 
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80.  All  this  is  undeniably  correct  in  theory,  except,  indeed, 
that  it  understates  the  case ;  for  we  might  enter  into  further 
mathematical  subtleties,  and  prove  that  if  the  ratio  of  growth  of 
traffic  is  greater  than  the  rate  of  interest  on  capital,  the  present 
justifiable  expenditure  to  provide  for  such  increase  of  traffic  is 
infinite.  But  this,  while  an  excellent  exercise  for  the  student,  we 
shall  not  attempt  to  do ;  confining  ourselves  instead  to  the  more 
profitable  work  of  pointing  out  the  reasons  why,  with  any 
ordinary  corporation,  all  such  speculations  are  wholly  delusive, 
so  that  even  the  indications  of  Table  18  are  of  value  only  as  fixing 
a  maximum  which  should  never  be  exceeded. 

81.  The  first  and  most  vital  reason  is  that,  while  it  may  be 
taken  as  a  practical  certainty  that  the  traffic  of  any  ordinary 
railway  not  only  will  grow,  but  that  it  will  grow  at  an  average 
rate  of  something  like  5  to  8  per  cent  per  annum  east  of  the 
Alleghenies,  and  7  to  10  or  15  or  even  20  per  cent  per  year  west 
of  there,  yet  that  the  rate  of  this  growth  of  traffic  is  excessively 
variable  and  uncertain — liable  to  cease  altogether  at  any  time  fof 
many  years,  and  at  periods  when  it  is  particularly  inconvenient 
to  put  interest  on  discounted  expectancies. 

For  this  cause  alone  it  is  in  general  inexpedient  to  look 
forward  more  than  at  most  fivt  years  for  traffic  to  justify  an 
increase  of  immediate  expenditure ;  and  when,  as  is  of  course 
more  likely  to  be  the  case,  a  new  project  is  floating  upon  the  top 
of  a  "  boom"  or  upward  wave  in  the  tide  of  business,  it  is  unsafe 
to  look  ahead  more  than  two  or  three  years.  It  is  at  such  times 
especially  to  be  remembered  that  the  wave  may  begin  to  flow 
backward  at  any  time,  and  that  even  if  it  do  not,  the  line  is  built 
with  borrowed  capital,  and  that  it  is  difficult  for  the  average 
financier  to  borrow  large  sums  on  future  expectancies ;  nor  can 
he  in  any  case  borrow  $2000  per  mile  as  cheaply  as  $1000  per 
mile.  Borrowed,  however,  the  money  must  be  if  the  first  supply 
gives  out,  or  the  whole  investment  of  the  original  company  will 
probably  be  lost ;  and  the  instances  are  rare  in  which  any  large 
proportion  of  the  entire  capital  has  been  positively  secured 
before  the  surveys  are  substantially  complete  and  construction 
in  progress. 
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82.  A  sequence  of  events  which  has  been  again  and  again 
repeated  is  that  the  company  shall  enter  upon  the  work  with 
vague  visions  of  boundless  prosperity,  and  look  with  certainty 
to  securing  "  all  the  money  they  need  ;**  shall  encourage  their 
engineer  in  a  costly  style  of  construction  which,  with  the  natural 
preference  of  an  engineer  for  massive,  durable,  and  stately  works, 
he  is  all  too  ready  to  adopt ;  and  finally,  often  within  a  ridicu- 
lously short  time  of  the  period  of  their  brightest  hope^,  be  left 
stranded  by  the  ebb-tide  of  speculation,  a  complete  and  helpless 
financial  wreck. 

83.  Finally,  there  is  another  and  still  stronger  reason  why  the 
growth  of  traffic  should  not  be  counted  on  for  many  years  ahead 
in  designing  the  >vorks.  It  is  usually  a  simple  matter  to  so 
design  large  parts  of  the  line,  including  most  of  the  more  expen- 
sive works,  that  their  construction  may  be  postponed  until  a 
more  convenient  season — a  possibility  so  important  that  it  is 
separately  discussed  hereafter  (Chap.  XXIII.).  By  so  doing  we 
at  least  make  sure  of  keeping  the  capital  account  at  a  minimum 
and  of  (usually)  retaining  the  line  in  the  hands  of  the  origrinal 
company;  while,  when  all  causes  are  considered,  the  loss  from 
postponing  the  execution  of  all  more  costly  work  which  can  be 
postponed  will  not  be  very  great,  even  if  one's  brightest  dreams 
are  realized — which  will  rarely  be  the  case. 

84.  We  may  conclude,  therefore,  that  although  a  railway 
corporation  which  has  in  truth  as  well  as  in  imagination  un- 
limited means  ;  which  is  able  to  look  ahead  with  certainty  for  a 
long  period  of  years  ;  which  is  able  without  doubt  to  tide  over 
long  periods  of  depression  without  danger  to  its  stability,  and 
which  has  no  anxiety  to  realize  present  profit,  or  even  avoid 
present  losses,  on  investments  which  will  be  ultimately  profit- 
able ; — although  such  a  corporation  may  legitimately  make  a 
large  increase  in  its  investments  for  the  sake  of  a  traffic  which  is 
still  in  the  distant  future,  yet  that  no  ordinary  corporation  can 
afford  to  look  ahead  more  than  two  to  five  years  for  the  traffic 
to  pay  interests  on  increased  investments,  and  that  even  in  that 
case  they  take  much  risk  in  doing  so.     Traffic  should  therefore^ 
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in  all  cases,  be  rather  under-  than  over-estimated,  to  the  end  that 
in  no  case  extravagant  expenditures  shall  be  made  for  a  costly 
perfection  of  alignment  which  the  traffic  will  not  justify  :  bearing 
in  mind  that  an  under-estimate  of  admissible  expenditure  is 
simply  a  failure  to  invest  a  small  (or  it  may  be,  large)  additional 
sum  of  money  which  would  have  earned  good  interest,  but  which 
may  be  invested  later  at  nearly  if  not  quite  as  good  advantage  ; 
whereas  an  over-liberal  investment  of  additional  sums  on  which 
interest  cannot  be  earned  greatly  endangers,  in  the  trying  years 
which  usually  come  soon  after  the  line  is  opened,  the  permanency 
of  the  whole  investment. 

In  the  one  case,  our  economy  only  endangers  a  minor  loss,  if 
the  enterprise  as  a  whole  turns  out  well ;  and  if  it  does  not,  may 
save  it  from  ruin.  In  the  other  case,  our  extravagance  only 
gives  us  a  fair  investment  for  a  little  more  money  if  all  goes 
well,  and  if  it  does  not,  may  be  the  ounce  of  additional  load 
which  breaks  the  back  of  the  enterprise.  Our  only  grave  dan- 
ger, therefore,  is  of  error  in  one  direction  only  ;  which  makes  it 
the  easier  to  make  an  estimate  of  traffic  sufficiently  exact  for  all 
important  purposes — that  is  to  say,  one  which  will  be  certainly 
not  too  large. 

85.  Tables  21  to  27  give  various  statistics  of  the  growth  of 
American  railway  traffic,  such  as  are  likely  to  be  useful  for 
checking  in  a  rude  way  the  estimated  growth  of  traffic  on  any 
line.  The  most  accurate  and  satisfactory  method  for  estimating 
both  traffic  and  expenses  in  any  given  case,  however,  is  com- 
parison with  the  experience  of  neighboring  roads  of  the  same 
general  character,  because  it  is  much  easier  to  count  on  a  line 
doing  so  much  better  or  worse  than  another  line,  than  to  esti- 
mate the  absolute  traffic  independently. 

Tables  23  to  27  inclusive,  for  the  groups  of  States,  cover  a  period  extending 
from  one  period  of  business  activity  to  another,  with  a  severe  depression  be- 
tween. Table  28,  for  the  whole  United  States,  covers  two  preceding  and  four 
following  years  likewise,  and  by  comparison  with  this  table  the  general  course 
of  traffic  and  earnings  for  the  same  additional  years  can  be  determined  with 
approximate  accuracy. 

All  these  tables  were  computed  from  the  statistics  of  Poor's  Manual, 


CHAP.  tV.— PROBABLE  VOLUME  OF  TRAFFIC. 


r 

mt 

K.5  i'.S  ^   * 

* 

-4i 

m 

■a  5  is  i  r 

li 

S   ^  £  S  S  5. 

1 

1 

\ 

< 

% 

a?3;s.f 

■8 

£«' 

1 

g 

-::-H 

■K    5  2   K.  =-  K 

t-!i 

Sg£|5i 

^ 

1 

■5 

s 
t 

II 

_ 

ii  =i  j  * 

? 

Jl 

fti  2  5  -^  *   ^ 

p 

u 

1  KS   S  R«    ^ 

.l 

=  "   ?  *^  £ 

t 

Iri 

J  1  1  }  J  s 

i 

ti 

5l!|!l 

1 

m 

^pliS 

1 

%\l\W 

jl 

iMil 

1 

^ 

=■  E^   :    =-  S  =■  ? 

8 

i 

£  J!   S  ?  S  S    S,» 
"1  i*3  j»  S 

I 

^  s^tl^  i% 

r 

llllllll 

1 

i 

-     8     9     r.     6    .     .     „ 

i 

-    -    ^  «    -  o.-    - 

5S  J  :  :  r  =  a 

■^ 

^£U£s£l 

1 

1  i  :  ;  i  i  i  i 

■^ 

llllllll 

2 

!||il|H 

S 

f|lf?!P 

1 

IIIHtlf 

E 

CHAP.  IV.— PROBABLE  VOLUME  OF  TRAFFIC. 


89 


00 
00 


00 
00 


en 

O 


CO 

>• 
pa 

M 


u 


I 

Kd 

.J 

< 


D 

H 
S 

h 
O 

M 


s 

H 
O 

M 


5 

H 
CO 


00 
00 


2 

mm 


M 

a 

M  I 

>  at 

M  M 

k.  Q 


8. 

9 
2 


fO   CO      ^     ^   CO      M 

•        ••••• 


1^  «#t  <o    1^   K   o> 


«o    «    M    n    M 


% 


"•a 


«     m    m  tt     r^  « 

rO      M        M        M        M 


I 


IJ 


*         »         »         ^         »         » 


5^S 

•«     CI     « 


«    ♦    *n 
c^  9  «o    m   M 


IJ 


en    m  00     M     «     1^ 
«0     O     *^    <S    ^    irt 


si 


z 


o>  w    00    m     ^  ^ 


O 


•      ••■•• 
<n  00    «n    »fc  «o     f*> 

MM  M        M        N 


O  (« 


£ 


I/)    N     kh    in     m    K 
M     m    M     n     «     m 


S  8   S>  8  S   8 

^      9.      lA      W>      ^      Vt 


% 


O 


I 


w  -a 

E  "5 


13 


M 

M 


•A 


1 


i 


o 

lA 


Ok 
M 


1 


si. 

SI 

0  « 

eii 

• 
c/) 

r»>    en    m    *  •     i>s 

•             ■••■• 

00     •«)    m    n     r^    tv 

en 
en 

• 

as 

•s 

m    0     in  «    00    ^o 

M        m      M        M      ^        M 

«d     en    M    «o     rn  00 

■ 

M 

D 
I 


2  6  ^  ^  «    H 
2  S  (/S  Z  fiu  0* 


i  ^  i  i  i%iii 

• 

«o    o>^^fn»o    ^ 
«t^<e«irncifnM 

M 

»n 

• 

2.2.0    t*i    •*    tt    n    m 
m^nM»«MMM 

• 

M 

S  5  1  S.1»  S  S  s 

K      M 

s 

» 

« 

N    icT    rn    M            m" 

1 

M 

M        l«       r^       M        M        N        M 

fn 

• 

10 

00 
00 

^    tn    -*  yQ    to     fno»M 
9    \0 

•    j^<o    M    M    ^fnoo 

95. 

• 

rn<>     o^ininn     o»oo 

M          M          M                                       M                         M 

■ 
M 

00     •-    »o»n^^^m 

2 

^ 

0»  00     »n    »«           r^    n     M 

C9       CI 

• 

1* 

i^m^ooo     n     MOO     in 

W>       ^                   M        n        M        M 

m 

1  , 

No.  Central 

Sa  Atlantic 

Gulf  and  Mias. 

NaWert 

Pacifie 

• 

• 
• 

• 

1 

90 


CHAP.   IV.—PROBABLE  VOLUME  OF  TRAl^l^IC. 


The  groups  of  States  are  those  of  Poor's  Mmuual^  whidi  see  for  the  jrears  1883  and 
1886  for  details.  The  population  used  for  the  fiist  part  of  the  TmUe  (1881)  was  that  of 
the  Census  of  1880,  which  was  about  three  per  cent  too  snalL 

By  a  different  estimate,  the  number  of  inhabitants,  of  acres  in  firain  and  cotton,  of 
bushels  of  grain  and  bales  of  cotton  produced,  per  mile  of  raihm^,  ha^re  been  as  follows 
for  the  last  seven  years,  in  all  cases  taking  the  mileage  and  population  at  the  dose  of  the 
year  and  the  crops,  etc.,  of  the  previous  summer  : 


Popu- 
lation. 

Acres. 

Bushels  of 
Grain. 

Bales  of 
Cotton. 

1879 

1880   

581 
545 

509 

473 
466 

458 
461 

1.565 
1,466 

Xi359 
1,236 

x,ao4 

X,3l6 
1,3X6 

3«A» 
•8,933 
19,804 
93^05 
•'.563 
33,690 
33,341 

«7-73 
70.53 
SS.65 
60.18 
47-00 

45-44 
50.4X 

1881 

1882 

1883 

1884 

1885 

1 

Table  22. 

Statistics  of  Revenue  Per  Head  of  Population  and  Per  Mils 

FOR  Each  State  Separately — 1881. 

[These  statistics  are  based  upon  the  same  fig:ures  as  those  given  for  groups  of  States  only 
in  the  first  part  of  Table  21.  The  diWsion  of  the  miles  of  road  operated  between  the  dif> 
ferent  States  is  not  exact,  so  that  the  figures  can  be  regarded  as  approidmations  onty.] 


Maine 

New  Hampshire 

Vermont 

Massachusetts 

Rhode  Island 

Connecticut 

New  England 

New  York 

New  Jersey 

Pennsylvania 

Delaware 

Maryland  and  D.  C. . . . 
W.  Virginia 

Middle  States 


Pbr  Mile  Railway. 


Square 
Nliles. 


32.0 
10.3 
12.2 

3-47 
8.55 
5.11 


II. o 


7.67 

5.00 

6.81 

9-75 
9.60 

100.5 


8.60 


Popula- 
tion. 


593 

387 

397 

793 
1,810 

670 


650 


848 
679 

633 
677 
485 
271 


775 


Percent. 
Sidings. 


19.0 
17.6 

15.4 
63.0 

46.5 
35.0 


37.4 


75.3 
79.6 

64.6 


52.2 
19.3 


67.3 


Per  Cent. 
Operating 
Expenses. 


69.0 
64.0 
80.5 

71.3 
61.4 

64.0 


70.0 


61.0 

63.9 
61.5 

70 
60.7 

83.4 


Gross  Rbvknub. 


Per  Mile 
Railway. 


♦4.130 
5.200 
4.690 

10.200 
9.200 
9.650 


Per  Head 
Popniat'n. 


8.420 


13.000 
6.850 

15.800 
2.880 

5.490 
3.670 


♦6.54 
10.90 
12.40 
16.50 
5.90 
16.00 


13.10 


15.90 
28.10 
23.70 
4.08 
12.30 
13.60 


62.9       14.000        18.50 
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Table  22. — Continued, 


Vir^nia. . . . , 
N.  Carolina. 
S.  Carolina. 

Georgia 

Florida 

Alabama. . . 
Mississippi.. 
Louisiana. . . 
Tennessee. . 
Kentucky.. . 


Southern  States, 


Ohio 

Michigan.. 
Indiana. . . , 
Illinois. . . . 
Wisconsin. 
Minnesota., 
Missouri. . . 
Iowa 


N.  W.  Central  States. 


Nebraska. 
Wyoming. 
Dakota... . 
Kansas. . . 
Colorado.. 
Arkansas. 
Texas. . . . 


Far  W.  andS.  W... 


New  Mexico, 

Arizona 

Utah 

Nevada 

California.. . 
Oregon 


Pacific  States. 


Pbr  Mils  Railway. 


Sauare 
Nlilcs. 


15.3 

25.2 
22.1 

70.7 
22.0 
100.3 
26.0 
24.0 
13.4 


25-7 


5.08 

13.9 
5.65 
5.20 
10.2 
21.0 

14.3 
24.2 


9.90 


61.9 


181. o 


United  States, 


29.0 


Popula- 
tion. 


602 
228 

738 
586 

344 

551 
2,470 

594 
811 
569 


681 


202 
400 

331 

288 

249 
199 

478 
718 


351 


226 

303 

254 
283 

95 
1,200 

309 


310 


230 
104 
148 
140 
301 
230 


261 


481 


Per  Cent. 
Siding*. 


13-0 
6.4 

7.1 
7.7 
5.0 
8.6 

5.4 
II. I 
22.0 

13.1 


10.9 


29.6 
29.6 
27.0 
27.0 
10.6 

7.0 
II. 4 

9.9 


21.3 


17.0 


7.5 
5.9 
5.9 
3.9 


7.1 


13.7 


9.6 


25.1 


Per  Cent. 
Operating 
Ezpenset. 


65.6 
66.5 
68.0 
60.7 
62.8 
69.9 

65.9 
71.0 

67.7 

55.8 


65.0 


62.8 
68.2 

76.5 
54.7 
59-7 
61.4 
54.0 
64.0 


60.9 


53.7 


62.8 
61. 1 

58.5 
68.0 


60.2 


49-3 

53.8 

49-5 
56.4 


49.9 


61.9 


Gross  Rbvbnub. 


Per  Mile 
Railway. 


5.590 
2.590 

3-250 
3.740 
3.210 
4.150 
3.320 
8.080 
4.500 
5590 


4.550 


8.790 
5.850 
5.750 
7.560 
3.930 
4.370 
7.000 
3.570 


6.520 


1. 160 


5.170 
6.530 
3.960 
4.480 


6.420 


8.620 


(7 .  500) 


Per  Head 
Populat*n. 


7.690 


7.00 
2.70 
4.04 
6.14 
1. 61 

6.43 
1.03 

10.40 

4.36 

5.90 


5.20 


20.50 
12.40 
1 7.  JO 

29.05 
14.70 
15.90 
13.60 

13.92 


17.60 


46.90 


16.10 


23.15 


14.50 
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Maim  RisttLT*  ov  OpiRATtoN  or  thx  Railwats  or  thb  New  Emum 
Statki,  i873-i8Si. 


Y«A». 

P^t- 

uiiM 

..-.'Zi. 

DiTi- 

RtT, 

PM.. 

Fghl. 

Toi.1 

N«. 

P.™. 

FBhu 

r^ 

1>53 

J.64* 

s!*'? 

„36 

'?« 

sons 

is.oe 

a" 

S..J 

<g 

y 

1:^ 

.»7J JH8 

i.73< 

...rt 

>6.s; 

48  H 

>].). 

s.n   1  J. to 

» 

» 

9° 

1.41 

■8,6  ..., 

J< 

liSo 

J-to. 

3-9=5 

3.9J8 

i.7B} 

S.Tfc 

6.'56 

SJ.a, 
«4-S» 

•].aq 

«76 

11. ii 
■3.69 

T.6l 

6.9t 

::;: 

61 

3« 

E 

fc 

If 

4.010 

6.07. 

>93< 

TT 

4a.)fi 

17^ 

8.» 

T^ 

7 

11 

'9 

too 

i8». 4.06. 

<5.^, 

"■■' 

"■" 

r 

=3 

'■« 

Main  Results  op  Ofkkation  of  tki  Railwavs  of  tsk  Uiddls  SrAm, 
WITH  Maryland  and  West  Virginia,  iS^j-iSSi. 


Y«A«, 

'■r- 

MilM 

RmoM. 

Di.i- 

RcTCnac  per  head. 

Op.r.l«l 

Pan. 

Fght. 

Told 

N«. 

Piua. 

Fgltt. 

To^ 

■en 

'Zl 

■1,874 

4>-36 

.44^8 

iw^i 

6,.j 

3«.S 

3.16 

IJ.OB 

78 

.3.6 

.87S 

"■33' 

■  3,17J 

40.77 

•M-l 

t75.7 

«(.6 

39.4 

3.«= 

.T.84 

>S 

«4 

■3-3 

.876 

J8 

■1,540 

.,.,sS 
1...6J 

>1.«47 

H.9S 

;;::; 

■  77-fl 

6g.4 

s 

3.SS 
3.S! 

li.ja 

■s 

'3 

49         U.J 
■4        11.4 

1880 

"■37* 

■4.B8, 

44-97'S4'- 

199.0 

8J.9 

•a-s 

3.63 

T..40 

•« 

03         IJ.J 

iMi 

"-J85 

.6,..3 

.,.,.'.78.3 

.rf.4 

849 

33.3 

3.97 

M.- 

■1 

■'!-■ 

CHAP.   IV.— PROBABLE  VOLUME   OF   TRAFFIC. 


Uaik  RutiLTS  OP  OnRATioH  OF  TKK  Railways  of  the  Southern  States, 
(South  of  Potomac  and  Ohio),  1873-1881. 


Tim. 

1,000,000. 

Milo 
Riilviy 

RivMue 

Divi- 
dend!. 

Rei«Ducpcrbcad. 

5i; 

P« 

p™ 

Fght, 

T0I.I 

Net. 

'— 

Fghl, 

Toul 

>8n 

tl..^ 

.3.!^ 

,^ 

30 

38.39 
3B13 

!<!^ 

ij^^J 

;:; 

>6 

J« 

4  B7 
,.«7 

!« 

leji  

11.370 

>3.S» 

■3 

96 

3653 

r".40 

41. So 

43-9' 

16-74 

>.»> 

.3 

;.» 

444 

3-7} 

■Brt 

7" 

»,o66 

■  3.948 
'3.389 

f 

3" 

JB.BJ 

J..iB 
31.60 

'4.38 
14.67 

::; 

J 

B4 

1^ 

3.38 
3.6J 
3.64 

3fi4 

.8B-. 

»..41 

I3.S4» 

>o 

41 

37.SJ 

4B  3J 

.S..> 

3. S3 

0 

SS 

J.IO 

306  1     3.56 

iMt 

".,.> 

I4.a» 

■' 

■' 

46,63 

"■" 

"- 

3M 

' 

3B 

3.76 

..,.|.,. 

Main  Results  of  Operation  of  the  Railways  of  the  Western  and 
Southwestern  States  (all  North  of  Ohio  and  West  of  the  Uissis- 
siPPi  AND  East  of  the  Rocky  Mountains),  IS7^-I8SI. 


VmAL 

Poputa- 

Mi1« 

RoTcnue. 
1  =  (..000,000. 

»™,..p„,«^. 

Re*. 

Dp.t.«d 

Pw. 

FghL 

Toul 

n„. 

PiUl. 

Fehi, 

Toul 

■»73 

■6,003 

.6.JB, 

3J.*39 

;::r. 

.,8.. 

"! 

7. 

!' 

^ 

3->) 
3-4» 

.o,« 

",9i 

6,<» 

>8m 

■7.1M 

36,058 

„.» 

„.. 

»6 

73 

>g 

<3 

a. Bo 

..,o> 

573 

78 

.7.7.8 
.B.S4, 

36.7J3 
3»."36 

41. *i 

49-" 

1,8.8 

■93 

63 

' 

:: 

S6 

s* 

9.ifi 

.o.S« 

;:i 

,68= 

19.976 

4S.9>' 

-4-' 

J90 

"5 

' 

33 

H' 

,._3a 

■4  S. 

6,34 

tBii 

».540 

J3.M4 

-4- 

34* 

'^ 

*- 

8s 

3.48 

13.  je 

16,78 

6.« 

94 
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Table  27. 

Main  Results  of  Operation  of  the   Railways   of  thb  Pacific  Statis. 

1873-1881. 


Year. 

1 

Popula- 
tion. 
I  = 
1,000,000. 

Miles 

Railway 

Operated. 

Revenue. 
X       $1,000,000. 

Divi- 
de odt. 

RcTenue  per  head. 

Rev. 

per 
Mile. 

Pass. 

Fghi.   Total 

Net. 

Pass. 

|F«ht. 



Total 

»4-43 
14.  la 

1=  1,000 

1873 

74 

1.124 
1. 185 

1.612 
1,639 

(5.9) 
6.37 

(10.3) 
10.48 

(16.3) 
16.77 

(9.3) 
9.85 

(a.6) 
3.36 

5.«6 
5.99 

9»7 
8.83 

to.  3 

10.  a 

1875 

X.246             1,790 

6.70 

»5.74 

33.44 

13.33 

5.43 

5-39 

XS.60 

»7.99 

"•5 

1876 

77 

78 

79 

1.307 
1.368 
1.429 
1.4Q0 

1,867 

3.109 
3.617 
3.663 

764 
7.89 

8.53 
8.86 

16.37    34.0^ 
16.56    34.65 
17.35'  36.88 
18.08    36.44 

XX. 75 

11.33 

X3.97 

9-97 

4.53 
4.58 
(6.0) 
X.63 

5.85 
S.76 
5.97 
5-93 

xa-so 
xa.xo 
xa.07 
xa.x7 

»8.35 
X7.86 
X8.04 
xS.xo 

ia.9 

7-9 
7.4 
7.«4 

1880 

1. 551 

3.813 

8.82 

19.93!  38.74 

10;  79 

3-99 

5.68 

"•77 

18.45 

7-53 

1881 

1.612 

5.418 

10.11 

26.43 

36.54 

1 

18.64 

7-79 

6.a8 

16.40 

M.68 

6.75 

Table  28. 

Main  Results  of  Operation  of  the  Railways  of  the  Entirk  United 

States,  1871-1885. 


Popula- 

Ybar. 

tion. 

1,000,000. 

1871. 



39.585 

72. 

40.640 

73. 

41.722 

74- 

42.834 

1875. 

43.976 

1876. 

45M7 

77- 

46.350 

78. 

47.585 

79- 

i        48.853 

18S0. 

5«J.i53 

18S1. 

1        5i.4'->i 

82. 

1        52.803 

83. 

54.271 

84. 

.  .    .  . 

1        55.717 

1885. 

1        57.202 

I 

I     Miles 
Railway 
Operated. 


Revenue. 

I  =  $1,000,000. 


Pass. 


44.614 

57.323 
66,237 
60,273 


71.759 


108.9 
132.3 

137.4 
141 .0 


73.508 
74.112 
78,960 
82.223 

84,225 

94,486 

95.752 
io^'>,Q38 

".^.173 


1391 


Fght.  Total 


294-4 
340 -9 
389.0 

379-5 


I403-3 


465  a 
526.4 
520.5 


364.0    503.1 


.1. 


136.1 
125.2 
124.6 

142.3 


147.7 


361.x 
347.7 
.^65.5 
386.7 


467.7 


497-3 
472.9 
490.1 
529.0 


615.4 


|»73.4 
|iS3.i 
206.8 
200 . 8 


552.0 
485.8 

544.5 
502.9 


1725.3 
728.0 

807.1 
I 
763 -3 


123,110  ,200.9    519.7  1765.3 


Net. 


14X.7 
165.8 
183.8 
1S9.6 


185.5 


186.5 
171. X 
187.6 
319.9 


255.2 


376.7 
264.8 
391.6 
266.5 


366.5 


Divi- 
dends. 


56.5 

64.4 
67.x 
67.0 


74-3 


68.0 
58.6 

53-6 
6X.7 


77-' 


93-3 

97a 

10X.6 

93. a 


77-7 


Revenue  per  bead. 


Paas. 


a. 76 
3a4 
3-30 
3-30 


3.16 


3. ox 
a.7x 
a.6x 
a. 93 


9.93 


3-37 
3.56 
3.80 

3-7X 


3.50 


Fffht. 


7.44 
8.40 

9.30 
8.85 


8.a7 


8.00 

7.50 
7.6a 

7.9a 


9-3« 


10.79 
9.ao 

xo.oa 
9.06 


9.09 


Total 


xo.ao 
XX. 64 
xa  60 
xa.x5 


»x.43 


ti.ox 
xo.ax 
10.  ^3 
to.  84 


ia.a5 


14.09 
13. 80 
i4'8a 
13.70 


13.38 


Rev. 

iSue. 
x=  1,000 


9.04 
8.X0 

7-93 
7.53 


6.77 
6.39 
6.tx 
6.4s 


7-3« 
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86.  Experience  has  shown  that  the  probable  number  of 
TRAINS  PER  DAY  is  at  oncc  the  most  convenient  and  the  most 
«xact  basis  for  arriving  at  estimates  of  probable  future  traffic, 
and  especially  expenses.  It  is  the  most  convenient,  because  it 
can  be  more  easily  and  more  correctly  anticipated  than  any  other 
item  of  future  business, — as  tonnage,  for  example, — and  also  be- 
cause we  use  the  same  unit  for  all  our  traffic,  both  freight  and 
passenger  ;  and  it  is  the  most  exact,  because  it  is  by  very  much 
the  most  uniform,  measure  of  operating  expenses,  the  cost  of  a 
train-mile  being  very  nearly  the  same  whether  the  trains  are  run 
full  or  empty,  or  long  or  short,  and  not  being  materially  differ- 
ent for  freight  or  passenger  service,  although  usually  less,  by 
one  third  to  one  fourth,  for  the  latter,  as  we  shall  see  hereafter. 

Assuming,  therefore,  this  basis  for  estimates,  it  may  be  al- 
ways anticipated  that  there  will  be  one  passenger  train  per  day 
«ach  way,  and  that,  unless  the  traffic  be  exceedingly  limited,  this 
train  will  be  exclusively  for  passengers.  Mixed  trains,  so  called, 
are  in  but  little  and  decreasing  favor  with  railway  managers,  al- 
though it  is  not  always  possible  to  avoid  them.  When  used  at 
all,  they  are  usually  nothing  more  than  freight  trains  under  an- 
other name — accommodations  for  a  few  passengers  being  added 
chiefly  as  a  convenience  to  special  classes  of  travel,  in  the  hope 
that  such  additional  convenience  may  have,  as  it  usually  does,  a 
favorable  influence  on  the  volume  of  travel.  With  freight  traffic 
of  course  no  such  motives  intervene  to  modify  the  number  of 
trains,  so  that  mixed  trains  are  always  freight  trains  carrying  a 
few  passengers,  and  never,  in  regular  service,  passenger  trains 
carrying  freight. 

87.  Therefore,  under  the  most  unfavorable  circumstances 
there  are  pretty  sure  to  be  two  regular  trains  per  day,  one  pas- 
senger and  one  freight  or  "  mixed"  train,  over  lines  of  any  length. 
Less  than  this  is  certainly  never  contemplated  on  lines  built  as 
private  business  enterprises,  unless  on  very  short  branches  built 
as  feeders. 

88.  The  point  at  which  it  becomes  reasonable  to  anticipate 
running  two  regular  passenger  trains  daily  is  more  difficult  to  de- 
termine. 
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In  the  Northeastern  third  of  the  United  States,  as  maj  be 
seen  by  examining  any  railway  guide  only  a  very  small  proper* 
tion  of  the  minor  branch  lines  run  only  one  passenger  train  a 
day,  and  but  a  very  few  of  the  lines  run  as  few  as  two  passenger 
trains  a  day.  In  the  North  Central  United  States,  including 
both  slopes  of  Mississippi  Valley,  two  passenger  trains  per  day 
may  be  said  to  be  the  rule,  exceeded  only  in  the  more  populous 
regions  and  on  the  important  trunk  lines ;  but  only  a  small  pro- 
portion of  the  lines  run  as  few  as  one  train  a  day.  In  the 
Southern  and  extreme  Western  States  the  mileage  may  be  said 
to  be  about  equally  divided  between  one  train  per  day  and  two, 
only  a  few  leading  lines  or  sections  of  lines  running  more  than 
two  trains  per  day.  In  England  and  on  the  Continent  the  aver- 
age number  of  passenger  trains  per  day  is  much  greater  than  in 
the  United  States,  except  in  the  extreme  Northeast:  but  this 
distinction  is  constantly  growing  less  with  the  rapid  increase  of 
population  and  wealth  in  the  United  States.  Tables  29  to  78 
give  many  statistics  of  the  average  number  of  trains  per  day  on 
single  roads,  and  in  groups  of  States. 

89.  There  are  immense  local  fluctuations  in  every  State  and 
Territory,  but  as  a  rule,  when  the  conditions  are  at  all  favorable 
for  the  development  of  passenger  travel,  a  minimum  of  two 
trains  per  day  may  be  looked  for  with  some  confidence.  This  is 
especially  probable  because,  in  order  to  encourage  and  develop 
traffic,  it  becomes  expedient  to  put  on  two  trains  a  day  long  be- 
fore a  single  train  becomes  so  crowded  as  to  actually  compel  it* 
The  greater  facilities  so  offered  are  almost  certain  to  add  a  con- 
siderable percentage  to  the  aggregate  travel  and  revenue ;  and 
as  the  actual  additional  cost  of  the  extra  train  is,  on  the  contrary, 
but  a  small  percentage  of  the  average  cost  per  train-mile,  such  a 
train  is  almost  always  put  on  long  before  the  mere  statistics  of 
tickets  sold  begin  to  indicate  that  it  is  a  necessity.  It  is  impos- 
sible, in  fact,  until  the  volume  of  travel  becomes  large  and  the 
number  of  passenger  trains  at  least  two  or  three  per  day,  to 
make  any  attempt  to  regulate  the  number  of  trains  so  as  to  have 
them  run  full,  without  serious  injury  to  net  revenue. 
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90.  Beyond  three  or  four  trains  per  day  there  is  much  less 
necessity,  as  a  rule,  to  add  trains  to  accommodate  and  develop 
travel  until  the  seating  capacity  itself  becomes  too  small ;  this 
being  one  of  the  many  cases  in  which  "  the  destruction  of  the 
poor  is  their  poverty."  Nevertheless  the  results  of  experience 
with  even  the  heaviest  traffic  is  that  it  does  not  pay  to  scrimp 
train  facilities.  Certain  trains  carry  enormous  loads  and  bring 
up  the  average  materially,  but  a  multitude  of  trains  carrying 
much  lighter  loads  are  run  with  the  heaviest  traffic,  at  frequent 
intervals,  bringing  about  the  close  correspondence  in  average 
train-load  on  roads  of  widely  different  character  shown  in  Table 
29. 

Table  29t 

AVKRAGl  FkEXGHT  AND  PASSENGER  TrAIN-LoAD,  HAUL,  TrAIN  SERVICE,  ETC., 

FOR  THE  United  States  and  Groups  of  States,  1885. 


Prbight  Traffic. 

Passbmgbr  Traffic. 

Aver- 
age 
Train- 
Load. 

Aver- 
age 
Haul. 
Miles. 

No. 
Trains 

day. 

Miles 

Engine. 
X  —  1000 

Ton- 
Miles 

per  Car. 

I  =  xooo 

Arer- 

Train- 
Load. 

Aver- 
age 
Haul. 

No. 
Train* 

Day. 

A.  New  England 

B.  Middle 

I03 

179 

139 

93H 
"5 
118 
148 
"S 

60 

9iH 
«45 
108 
103 
13a 

«59 
i6a 

3-74 
7.49 

4  44 

a. 43 
a. 31 

9.17 

a. 13 
X  8x 

X9.8 

a«.3 
a6.3 
19. 8 

3X.O 

30. 6 
17.9 
«4-4 

4a-4 

53-9 
7a.8 
60.9 
6T.3 
58.x 
69.6 
5«.8 

59 

44H 

38H 

3a 

43 

36 

47H 

69% 

x6 

18H 

37« 

3^ 

48 

49 
60 

3'H 

4-5a 
4.64 

x.sa 

i.6f 
1.36 
x.ax 

«-35 

C.  No.  Central 

r>.  S>o.  Atlantic,  r  T 

B.  Golf  and  Mitt.  V.  ... 
K.  So.  Western 

G.  No.  Western 

H.  Pacific 

Total  U.S..  1885... 

"       1884... 

•♦       "       1883... 

"        ••       X882... 

143 

»34 
126 

129 

119 
XI9 
XIO 
109 

3.8« 
4.05 

4.48 

5-3« 

ax. 6 
aa.x 
aa.8 
ax. 3 

57-4 
56.0 
56.6 
53.8 

43M 
4aH 
46« 
ASM 

a6 

a6H 

a7H 
a6 

a.36 
a.5X 
a. 41 

a-37 

U.  S.  Census,  x88o. . 

129 

XIX 

3-9« 

aa.4 

•  •  •  • 

4iH 

ax 

a.x6 

Excepting  the  /igures  for  1880  from  the  U.  S.  Census,  the  above  is  computed  from  the 
^atislici  of  Poor's  Manual.  In  this,  as  in  ail  other  tables  in  this  volume,  the  railroad 
year  is  taken  at  y's  days,  owing;  to  the  regrettable  fact  that  the  distinction  between  Sun- 
day and  week  da  ^  is  fast  disappearing.     The  '*  number  of  trains"  always  means  each  way. 
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Table  32. 
Traffic  Statistics.  Lake  Shork  and  Michigan  Southern  Railway 


Year. 


1870. 


71 
72. 
73. 
74 


1875. 


76 

77. 
78. 

79 


1880. 


81. 
82 

83 
84. 


MUet 
Road. 


1,013 


1.074 

1,136 

1. 154 
I.178 


1,178 


1,178 
1,178 
1,178 

1,178 


Pkr  Milk  Opkrathd. 


1,178 


1885. 


1. 178 

1.274 
1.340 
1.340 


1.340 


Earaings. 

Expenses 
and  Taxes. 

13,336 

8,261 

13.872 
16,682 
16,824 
14.592 

9,106 

II.177 
11,928 

9.491 

12,284 

8,963 

11,851 
11,484 

11.877 
12.975 

8,135 
7,622 

7.210 
7.591 

15.922 

8,846 

15.261 
14.306 

13.817 
11,075 

9577 
8.679 

8. 211 

6.815 

10,545 


Net 

Earnings. 


5.075 


4.766 
5.505 
4.896 
5.IOI 


3.321 


3.716 
3.862 
4.667 

5.384 


7.076 


6,929 


5.684 

5.627 
5,606 
4,260 


DiVIDBNOS. 


3.616 


Earaed. 

Paid. 

9.60 

8.00 

8.37 

8.55 
6.10 
6.04 

8.00 
8.00 
4.00 

3-25 

2.20 

2.00 

3.26 

3.57 
5.61 

7.24 

3.25 
2.00 
4.00 
6.50 

11.28 

8.00 

8.02 

8.37 
8. II 
4.02 

8888 

•     •     •     • 
00  oo  00  «o 

1.98 

The  Lake  Shore  and  Michigan  Southern  Railway  being  one  of  the  few  im- 
portant lines  which  have  been  operated  under  substantially  similar  conditions 
and  with  substantially  the  same  mileage  and  motive-power  for  fifteen  years,  its 
statistics  have  an  especial  interest,  and  Tables  30,  31,  and  32  are  added  for 
that  reason. 

It  is  not  expedient,  nor  indeed  possible,  therefore,  to  base 
estimates  of  the  probable  number  of  passenger  trains  on  esti- 
mates or  statistics  of  the  probable  number  of  passengers  to  be 
carried,  further  than  to  assume  that  the  smaller  the  traffic  the 
smaller  will  be  the  average  number  of  passengers  per  train. 

91.  The  same  is  true,  in  less  degree,  even  of  estimates  of  the 
probable  number  of  freight  trains.  It  is  not  correct  to  assume  a 
certain  tonnage  to  be  moved,  divide  that  by  the  load  of  a  car  to 
get  the  number  of  loaded  cars,  divide  that  again  by  the  number 
of  cars  per  train,  and  so  get  the  number  of  trains.     There  is 


100 


CHAP.  IV.^PROBABLE  VOLUME  OF  TRAFFIC. 


always,  in  the  first  place,  a  certain  wastage  of  capacity  amount- 
ing to  anywhere  from  ten  to  thirty  per  cent,  according  to  cir- 
cumstances, which,  if  the  traffic  is  to  be  estimated  on  the  basis 
of  tonnage,  must  be  allowed  for.  This  wastage  also,  as  with 
passenger  business,  is  a  much  less  serious  matter  on  lines  of  large 
traffic,  especially  those  with  a  heavy  excess  of  tonnage  in  one  di- 
rection; for  in  this  case,  although  the  average  car-load  in  both 
directions  is  much  reduced,  yet  in  the  direction  of  heaviest  traf- 
fic the  obtaining  of  full  loads  is  facilitated.  A  very  heavy  dis- 
proportion of  traffic,  from  three  or  four  to  one,  exists  on  nearly 
all  east  and  west  lines  in  the  United  States  ;  and  most  of  them 
succeed  in  filling  up  their  average  car-load  and  train-load,  in  the- 
direction  of  the  heaviest  traffic,  to  very  nearly  its  nominal  ca- 

Table  33. 

Growth  of  Average  Freight-Train  Load  of  Various  Roads, 

1873  TO  1885. 


Ybak. 


1873 
74 

75 

76 

77 
78 
79 

80 

81 
8a 

83 
84 

85 


New  York  Trunk  Likes. 

N.Y. 
Cent. 

N.  Y., 

L.  Eric 

&  W. 

Penna. 

lag 
»39 

•  •         •  •  •  • 

Ill 

laa 

166 

134 

128 

x8o 
166 
186 

X38 

»45 
146 

185 

133 

137 

»54 
170 

a  19 

an 

184 

ai8 
ai9 

900 
196 

ai8 
aa8 

an 
ai3 

184 
189 

189 
205 

ao4 

aa7 

209 

Minor  Trunk  Links. 


B.& 

Alb. 


75 
81 


82 


87 
88 

9« 
94 

97 

loa 
104 

103 
106 

109 


Del., 
Lack. 
&W. 


79 


83 


83 
78 
93 
77 


90 
86 

99 
99 

107 


Can. 
So. 


155 
190 

ao8 
875 


Mich. 
Cent. 


X35 


U7 
«58 
167 
X95 

aoi 

x86 
17a 


* 
184 

198 


aoa 


Pitta., 

Ft.  W. 

AC. 


88 
89 


97 

96 
zt6 

lao 

las 

133 
13a 

«3« 
«39 

»38 


P.,C. 

A 
St.  L. 


89 
103 


98 


116 

199 

T40 

156 

x66 

«55 

165 

160 
i6x 

iSa 
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pacity.  Nevertheless,  even  on  such  lines,  fluctuations  and  irreg- 
ularities of  trafiSc  are  always  so  great,  that  it  is  no  infrequent 
spectacle  to  see  trains  running  light  in  the  direction  of  heaviest 
traffic  ;  and  the  difficulty  of  fully  filling  up  trains,  of  course,  be- 
comes much  greater  as  the  tonnage  is  less,  or,  as  already  stated, 
when  it  is  nearly  equal  in  each  direction.  There  is  also  always 
one  train  per  day,  the  way-freight,  which  averages  little  more 
than  one  half  an  ordinary  train-load,  owing  to  the  irregular 
service. 


Table  33. — Continued. 


Pennsylvania  Railroad,  by  Half  decades. 
<For  the  figures  for  each  year,  and  for  direction  of  heaviest  traffic  onljr,  see  Index.) 
1853-5.       1856-60.       1861-4.        1865-70.        1871-4.       1876-80. 


75-4 


1856-60. 

83.3 


1861-4. 

94.3 


104.4 


1871-4. 

116.8 


»55-5 


I88I-S. 

196.0 


These  figures  not  unfairly  represent  the  general  law  of  growth  in  train-load  in  the  past 
30  years  under  favorable  conditions. 


Yeak. 


1873 
74 
75 
t6 
77 
78 

79 
80 

81 
83 

83 
«4 
85 


111. 

Cent. 


83 
94 
90 
97 
97 

Zt3 

"5 

no 

103 

130 


TOO 
I30 
It6 


Chicago  Roads. 


C. 

R.I. 


81 
80 

99 


85 

95 
T07 

T04 

109 

106 

105 
105 


Ch.ft 

Alt. 


119 

Z94 

142 

>39 
X38 
i6x 

177 
184 
189 
188 
190 
184 


Minor  Western  Roads. 


C,  M. 
St.  P. 

C.& 
N.W. 

O.ft 
M. 

L.& 

N. 

V...  v*.» 

C.&L 

76 

74 

87 
86 

107 

XOI 

79 
81 

99 
108 

86 

...  •  . . 

89 

87 
83 

no 

90 
99 

xaa 

"5 

80 

xaa 
«3a 

xai 

«33 

lao 

•  •  •  •   •  •  • 

xia 
xaa 

55 

7a 

«3a 

139 

131 

Z91 

8z 

X3a 

107 

«>5 

86 

zax 

Z36 

ax8 

93 

xa6 

103 

905 

98 

13a 

15a 

X37 

axa 

Wise. 
Cent. 


53 

60 

55 

73 

96 


zia 
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Below  the  cross-lines  in  the  second,  third,  and  fifth  columns  there  was  a  large  increase 
of  mileage  operated,  as  also  in  some  cases  not  marked.  Most  of  the  other  cases  in  which 
the  train-load  has  decreased  are  due  to  a  falling  off  in*  total  ton-mileage. 
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The  enormous  increase  in  aTemge  freigbt-trmin  loads  which  has  taken  place 
in  recent  years,  without  any  considerable  changes  of  grades,  and  often  without 
much  change  in  the  motive-power  likewise,  is  shown  in  Table  33,  as  also  in 
Table  30  and  others. 

92.  Nevertheless,  it  still  remains  true  that  in  the  main,  ex- 
cepting the  ''  way-freight,"  the  freight  traffic  can  be  and  is  regu- 
lated in  close  accordance  with  the  volume  which  offers  from  day 
to  day.  So  many  freight  trains,  usually  from  two  to  six,  are  put 
upon  the  time-table.  If  more  are  needed,  ''extras" — a  train  run- 
ning behind  another  train  and  *'  on  its  time,"  but  with  a  certain 
number  of  minutes'  interval — are  added,  sometimes  to  the  num- 
ber of  a  dozen  or  twenty,  and  very  frequently  from  two  to  six; 
the  leading  train,  and  each  succeeding  ''extra"  except  the  last» 
carrying  a  red  *'  flag*'  as  a  signal  that  another  train  having  its 
time-table  **  rights"  is  following. 

On  the  other  hand,  if  less  trains  are  needed  than  appear  on 
the  schedule,  such  and  such  trains  are  abandoned  for  the  day^ 
often  for  days  and  weeks  together,  even  when  other  trains  are 
running  extras.  A  near  approach  to  conditions  which  actually 
obtain  in  practice  will  be  given  by  assuming  that  the  number  of 
daily  freight  trains  will  always  be  one  more  than  is  nominally 
required  by  the  tonnage,  and  often  more,  the  office  of  the  extra 
trains  being  simply  to  serve  as  equalizers. 

9dt  The  time-table  or  schedule,  in  fact,  is,  as  regards  freigfat  traflfe,  nothing 
more  than  a  row  of  hooks  to  hang  the  trains  on  as  required.  If  one  or  a  doiea 
of  the  hooks  stand  empty,  no  great  harm  is  done.  As  trains  come  in  or  are 
made  up,  they  are  started  off  as  either  '*  regulars"  or  "extras"  indifferently— 
whichever  will  give  quickest  despatch  ;  some  little  effort  heing  made  indeed  to 
send  out  at  least  one  train  on  each  schedule  train's  time,  on  aocoant  of  the 
practical  inconvenience  and  danger  of  frequent  abandonment  of  trains  ;  bat  the 
chief  purpose  in  preparing  freight  schedules  is  not  to  give  a  separate  time  to 
each  train,  which  are  often  behind  time,  but  to  afford  an  established  method 
for  despatching  regular  trains  promptly  at  any  hour  desired.  More  or  leas  nni« 
formity  naturally  prevails  in  the  business  from  day  to  day,  bat  there  is  also 
much  irregularity. 

On  the  crowded  Extern  division  of  the  Erie,  running  often  a  hondred  trains' 
per  day,  there  are  but  two  regular  scheduled  trains,  one  for  A.11.  and  one  for 
P.M.,  and  all  others  are  run  as  sections  of  this  train. 
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94i  It  should  be  mentioned  also  that,  in  attempting  to  draw  conclusions  as 
to  probable  traffic  from  statistics  as  to  '*  miles  run  by  freight  trains"  on 
neighboring  roads,  such  statistics  must  be  accepted  with  the  greatest  caution. 
An  unfortunate  custom  exists  of  comparing  locomotive  expenses  on  the  basis 
of  the  engine-mile  instead  of  the  car-mile,  and  as  a  consequence  a  habit 
has  arisen  among  master  mechanics  and  other  officers  of  exaggerating  the 
switching  mileage  (which  is  heavy  enough  at  best)  in  every  possible  manner,  by 
heavy  allowances  for  switching  at  stations,  and  for  running  to  and  from  the 
round-house.  Instances  might  be  given  in  which  the  excess  of  this  nominal 
mileage  ov«r  that  actually  run  between  termini  amounted  to  nearly  one  fifth, 
independent  of  the  usual  and  regular  switching  allowance  of  so  many  miles  per 
hour  to  switching  engines  proper,  which  is  separately  given.  This  fact  is  im- 
portant to  remember  not  only  in  estimating  the  volume  of  traffic,  but  also  in 
estimating  locomotive  expenses  ;  for  most  roads  make  more  or  less  allowance 
for  mileage  outside  of  the  regular  revenue  distance,  and  it  is  always  more  or 
less  deceptive,  consequently,  to  use  such  data  uncorrected  for  estimates  of  cost 
per  revenue  train-mile.  Whenever  there  is  a  marked  discrepancy  in  the  cost 
per  train-mile  on  similar  roads  this  cause  may  with  some  confidence  be  regarded 
as  the  true  explanation.  Some  reasonable  approach  to  a  correct  estimate  of  the 
probable  traffic  can  thus  be  made,  by  a  little  effort,  from  published  statistics  of 
various  roads  and  towns,  unless  in  a  region  which  is  entirely  new  to  the  rail- 
ways, or  for  other  exceptional  causes.  The  following  sutistics  will  also  be  of 
assistance : 

96.  The  average  payment  to  railroads  of  each  man,  woman, 
and  child  in  the  United  States  now  averages  about  $13.50,  of 
which  about  $3.50  is  for  passenger  transportation  and  $10  for 
freight.  Table  34  and  several  others  (see  Index)  give  further 
statistics  for  various  groups  of  States,  but  the  fluctuations  from 
such  averages  are  of  necessity  great.  Points  which  are  centres 
of  manufacturing  and  transportation  interests  will  have  a  many 
times  greater  traffic  than  this  to  dispose  of ;  while,  on  the  other 
hand,  there  are  few  local  stations  which  will  fall  very  far  below 
it,  the  great  excess  of  the  few  points  being  compensated  by  the 
great  multitude  of  small  deficiencies. 
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Table  34. — Continued. 
Foreign  Countries. 


4876... 
4S80.I. . 
1880  .. 
4880... 
1881..  . 

1876-80. 


Great  Britain  and  Ireland. . . . 

France 

Austria 

Italy 

Mexico  (one  railway  only).. . . 

So*n  U.  S.  (B.  of  MiM.  Riv.).. 

N .  ano  *v •  \j »  9. •••.... .....a 

TotalU.S 


Miles. 
16,658 

7,086 

5.4x8 

993 


11^ 
66,714 


78,606 


Pass. 
5.»9 

■  •  •  • 

i.7« 
0.55 
0.06 


0.93 
3-35 


a. 84 


(Total  of  ail  earnings,  $9.so).. 
••          "         5.66).. 
5.a8).. 
X.33).. 
0.53).. 


( 


it 


•4 


3.80).. 
Za.98).. 


10.91)., 


Fr'ght 
4.01 


3.50 
0.68 

o-4r 


a. 87 
9.63 


8.07 


From  the  above  statistics  we  wtay  conclude  that  the  averace  revenue  to  railways  from 
each  inhabitaDt  of  the  different  sections — bearing  in  mind  that  much  of  the  trunk-line 
freight  traffic  credited  to  the  Middle  States  is  in  reality  a  part  of  New  England  and 
Western  payments— is  (average  of  1880-85)  about  as  follows : 


New  England  Sutes. 

Middle  Sutes 

Western  and  Southwestern  Sutes. 
Paci6c  Sutes 


Average  of  all  Northern  and  W*n  Sutes. 
Southern  Sutes  (B.  of  Miss.  River) 


Average  of  the  entire  U.  S. 


85  00 

3-50 
3.00 

5.50 


3-50 
1. 00 


3-00 


Freight. 
$8.00 

IX. 00 

XI. 50 

14.00 


11.00 
3.50 


9.00 


Total. 
$«3<» 

14.50 
14.50 
19.50 


14. 50 
4.50 


la.oo 


Ranging  from 
$6.50  to  816.50 

4.08  to    a8.io 


The  fluctuations  from  year  to  year  hardly  exceed  10  to  15  per  cent  more  or  lets  of 
these  averages.  There  is,  however,  a  gradual  yearly  growth  in  the  pa3rments  per  inhabi- 
tant amounting  to  an  average  of  perhaps  one  per  cent  per  annum,  due  largely  to  causes 
considered  in  Chapter  XXI. 

The  fluctuations  in  the  average  payments  of  different  localities  are  no  doubt  ex- 
treme, as  may  be  seen  from  the  statistics  in  other  tables.  The  State  of  Florida  pays  but 
$1.60  per  annum  to  its  railways.  The  larger  Eastern  cities,  probably  $jo  per  head  at 
least.  There  are  doubtless  considerable  sections  of  each  of  the  States  in  the  above  groups 
where  the  payments  may  be  as  low  as  half  or  as  high  as  double  the  average  for  the  whole 
group  of  States.  The  trunk-line  export  traffic  constitutes  only  an  insignificant  fractioo 
of  the  total  revenue  of  United  States  railways,  laige  as  it  is  absolute^. 


CHAPTER  V. 


OPERATING   EXPENSBSb 


96.  We  may  gain  a  profitable  insight  into  the  general  nature 
of  the  causes  which  modify  operating  expenses,  and  especially 
of  the  effect  thereon  of  differences  of  alignment,  by  first  consid- 
ering them  in  a  very  general  way,  neglecting  all  detail. 

We  have  previously  (Chap.  III.)  compared  the  railway  to  a 
great  manufacturing  establishment — manufacturing  transporta- 
tion. Its  operating  expenses,  to  carry  out  the  analogy,  should  be 
only  another  name  for  the  total  cost  of  producing  the  commodities 
which  it  sells  ;  but  as  a  matter  of  fact  this  is  not  the  case.  The 
interest  or  "  rental  "  charge  on  its  real  estate,  and  on  most  of  its 
machinery  and  plant — the  heaviest  single  item  by  far  in  the  real 
"operating"  or  manufacturing  expenses — ^is  never  included  in 
what  are  called  the  operating  expenses,  but  constitutes  the  fixed 
CHARGE  for  interest  on  bonds  (see  Figs,  i,  2,  3).  Counting  in 
the  **  fixed  charges"  as  part  of  the  "  operating"  or  manufacturing 
expense,  the  latter  never  amount  to  much  less  than  80  per  cent, 
and  from  that  to  considerably  over  100  per  cent,  for  long  periods 
of  time.  The  average  for  the  whole  United  States  is  somewhat 
under  90  per  cent,  leaving  but  little  more  than  10  per  cent  profit 
on  the  goods  sold  to  be  distributed  to  the  managing  companies. 
Under  favorable  circumstances  this  profit  is  as  much  as  15  or 
20  per  cent ;  very  rarely  more.  Tables  35  and  36  give  a  clearer 
idea  of  the  law  in  this  matter. 

97.  As  these  fixed  charges  increase  in  somewhat  faster  ratio 
than  the  cost  of  construction,  and  are  the  same  per  year  whether 
the  business  be  large  or  small  or  none  at  all,  the  great  impor- 
tance of  (i)  diminishing  the  expenditure  for  construction  as  much 
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Table  39. 
Stock  and  Bonds  Pb&  Mils  op  Road  by  Sictions  op  the  United  States. 


Groups  or  States. 


New  England. 

Middle 

Southern 

Western 

Pacific 


United  Sutes. 
Canada 


'Miles. 

Stock  amd  Bonds  Pbr  Mils. 
X  =  $1,000. 

Stock. 

Bonds. 

Other  D*t. 

Total. 

5.910 
14.942 
12,978 
46,102 

4.461 

31.6 

47.5 
15.8 
24.8 
33.2 

21.5 

49.3 
19.2 
22.7 
35.8 

2.75 
2.87 

1.37 
1.48 

2.58 

55.85 

99.67 

36.37 
48.98 

71.58 

84,393 

2S.4 

27.3 

1.86 

57.76 

Rerenue 
per  Mile. 
X  =  $1,000. 


8.00 

13.30 

3.56 

6.34 

•7.53 

7.31 


1885. 


New  England. 

Middle 

Southern 

Western 

Pacific 


United  States 

1884. 
1883. 
1882. 


It 


<( 


6,412 

18,595 
20.584 

74,854 
7,284 


127,729 


31.8 

57.3 
20.2 

25.2 

34.0 


30  9 
30.1 
30.8 

30.7 


21.9 
53-6 
24.6 
25.6 
28.5 


29  5 

29.3 

28.7 

28.3 


2.46 
4.87 
1.20 
1.49 
2.20 


2.03 
2.0 
1.9 
1.9 


56.16 

115. 77 
46.00 
52.29 
64.70 


61.43 
61.4 
61.4 
60.9 


8.87 

11.53 
3.66 

5.25 

4.55 


6.22 
6.76 

7-54 
7.60 


The  nommal  cost  of  road  and  equipment  for  the  whole  United  States  was  for  these 
jrears: 

1883. 

$55,500 


1882. 

$52,790 


$55,300 


1885. 

$55,100 


The  Canadian  railways  average  but  $iz,ooo  of  bonds  per  mile,  and  $58,230  of  stock 
and  bonds  together.  Excluding  the  Grand  Trunk,  which,  with  26  per  cent  of  the  mileage, 
has  45  per  cent  of  the  capital,  there  are  only  $28,000  per  mile  of  both  stock  and  bonds. 
More  than  one  fourth  of  the  total  capital  (145  millions  out  of  558,  for  9,575  miles,  in  1884) 
was  contributed  from  governmental  sources.  Beamings  are  correspondingly  small,  being 
for  x884 : 

Canada  Southern,  I  ,  g^  ^^^  \  $10,600  per  mik. 

Grand  Trunk,         f   '^^  \     6,290  "      «« 

3(6  remaining  lines,  6,625    **  2,010  **      *' 

9,575  miles,       3,491  per  mile. 
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Table  M. 
Distribution  of  Gross  Rrvxnur,  in  Pxr  Cbnt  op  Total  Rbcupts. 


Groups  or  Sta' 


New  England 

Middle , 

Southern 

Western 

Pacific 

Total  U.  S. 


Pbs  Cbnt  or  Rscnm  Dsvormo 


Op'r  Exp. 


68.1 
62.4 
63.5 

53.9 
50.2 


58.3 


Net 


31.9 
37.6 

36.5 
46.1 

49.8 


41.7 


Istcrttt. 


11.85 

19.33 
X6.84 
16.98 
23.05 


X7.5« 


1885. 


New  England 

Middle 

Southern. . . .. 

Western 

Pacific 

Total  U.  S. 


69.8 

64.7 
67.3 

65.0 

55.7 


65.1 


30.2 

35.3 
32.7 
35.0 

44.3 


34-9 


23. 53 
27.56 

27.14 
22.84 
45.00 


24.53 


16.83 
14.34 

7.43 
IX. 78 

14.50 


xa.ss 


X6.X0 

13.93 
3.40 
9.06 

4.57 


xo.os 


Unitkd  Statbs  por  rach  Yrar  ntoM  1S79  to  1885. 


1879 
1880 

1881 

1882 

1883 

1884 

1885 


21.18 

17.58 
X8.38 
20.08 
21.00 
22.90 
24.53 


ZI.7S 

xt.SS 

13.50 

13-33 
xt.38 
xa.09 
10.05 


as  true  economy  permits,  and  (2)  increasing  the  traffic  (sales)  so 
that  this  burden  may  constitute  a  less  percentage  of  the  entire 
business,  is  evident.  Omitting  them,  the  operating  expenses 
PROPER  (corresponding  to  the  expenses  of  simply  running  and 
maintaining  a  factory  which  has  once  been  thoroughly  equipped, 
.and  of  selling  the  manufactured  products)  amount  usually  to 
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about  two  thirds,  or  67  per  cent,  of  the  receipts,  varying  however 
enormously  (from  but  little  over  50  to  more  than  90  per  cent) 
with  different  roads.  Table  37  and  others  g^ive  an  idea  of  the 
general  tendency  for  a  long  period  of  years. 

As  the  ratio  of  expenses  to  receipts  may  be  made  less  either 
by  the  receipts  being  larger  or  the  expenses  being  smaller,  the 
fact  that  the  ratio  is  low  or  high  is  no  real  test  of  economy  in 
operation,  nor  of  the  value  of  the  property.  Wherever,  from 
absence  of  competition,  the  rates  are  very  high, — ^as  formerly 
on  the  Pacific  railways,  Panama  Railroad,  and  many  lines  in 
Europe, — this  ratio  will  be  small,  even  in  the  face  of  heavy  ex- 
penses. Wherever  all  or  nearly  all  railways  have  been  very 
costly,  as  largely  throughout  Europe,  it  will  also  be  small,  since 
the  fixed  charges  will  constitute  a  larger  proportion  of  the  tax 
on  earnings,  and  rates  will  naturally  adjust  themselves  to  pay  (i) 
all  operating  expenses,  (2)  all  rental  or  fixed  charges,  and  (3)  a 
fair  profit  to  the  managing  company. 

Wherever  several  lines  are  so  situated  that  their  business  is 
largely  competitive,  and  must  be  handled  at  the  same  gross 
price,  but  one  or  more  of  them  has  better  grades,  or  a  shorter 
line,  or  more  traffic,  or  other  special  advantages,  one  line  will 
permanently  show  a  lower  percentage  of  expense  than  the  others, 
which  will  have  no  meaning  as  an  indication  of  real  excellence 
of  management.  This  latter  law  is  strikingly  illustrated  by  the 
trunk-line  percentages  in  Table  37,  the  cause  for  the  differences 
in  which  is  explained  in  a  following  note  and  in  Chap.  XXI. 

98.  The  operating  expenses  proper  are  very  irregularly 
affected  by  the  amount  of  business  or  by  the  character  of  the 
alignment.  A  very  large  proportion  of  them  are,  like  the  rental 
or  fixed  charges,  independent  of  both  :  such  as  the  salary  of  the 
president  and  other  officers ;  maintenance  of  works  and  plant 
against  the  deterioration  which  comes  with  time,  irrespective  of 
work  done ;  salaries  of  local  freight  and  passenger  agents,  a 
large  proportion  of  whom  must  be  employed  anyway,  whether 
considerable  sales  are  made  or  not.  This  immense  class  of  the 
expenses  amounts,  as  we  shall  see,  to  nearly  one  half  of  the 


no 
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Table  37. 
Percentagk  of  Operating  Expbnsss  to  Rkvbnux. 


Date. 


1 849-50. 1 

1851-55. 
1 8 56-60. 1 
1861-65.' 
1866-70. 

1871-75- 
1876-80. 

1881.... 
1882.... 
1883.... 

1884 

1885.... 


1881-5.. 


Trunk  Limbs. 

N.Y.C. 

Erie. 

Penn. 

B.ftO. 

45.0 

•V 

56.0, 

51.64 

62.5 

57-1 

66.4 

58.8 

r 

68.0 

64.6 

60.1 

J 

69.7 

76.2 

71.0 

63.1 

71.3 

59-7 

58.8, 

61.3 

70.0 

55.7 

53.9 

65.1 

64.0 

56.0 

56.4 

67.9 

65.5 

58.0 

56.7 

66.1 

67.7 

57.2 

53.1 

67.6 

75-6 

58.2 

54.5 

72.8 

75.8 

62.2 

59-2 

67.9 

69.7 

58.3 

56.0 

Sbctions  or  U.  S. 


N.B. 


Mid. 


No  8  Utisti 


68.6, 
65.9 


68.6 
70.7 

74.5 
71.8 

69.8 


71. 1 


59-6, 
59-7 


63.0 
64.8 
64.0 

65.5 
64.7 


64.4 


W.ft 
S.W. 


cs  aval 


(64.7). 
(61.2) 


58.2 
51.2 

63.2 
64.2 
65.0 


60.4 


So. 


liable. 


66.6, 
65.8 


67.4 
66.7 

66.S 

65.5 

67.3 


66.7 


At. 

U.S. 


43.8, 
56.5 


55.5 

63.6 

63.0 
60.2 

55.7 


59.6 


64.S 
60.9 


61. 1 
63.6 
63.8 
65.2 
65.1 


63.8 


United  Kingdom 1876  54.6 

Prussia 1879  54. 3 

Italy 1880  68.0 

Spain 1880  61.5 

India 1880  51.0 

Subscript  figures y  i,  t»  etc.,  indicate  the  number  of  yean  forwhidi  the  average  is 
given  when  less^than  5.    The  groups  of  States  are  those  of  Poor's  Manuai  for  the  yean 

before  1886. 

From  the  above  table  we  may  conclude  that  no  marked  tendency  exists  to  increase  or 
diminish  the  ratio  of  receipts  to  operating  expenses,  both  of  which — as  may  be  sm&  from 
other  tables — have  a  tendency  to  fall  rapidly  and  about  equally. 

The  fiuctuattons  0/ individual  lines  in  respect  to  this  ratio  are  often  extreme,  as  may 
be  seen  even  with  the  trunk  lines,  and  rarely  affords  any  trustworthy  indication  of  efficiency 
of  management,  the  cause  almost  always  lying  deeper,  and  being  incapable  of  essential 
modification  by  any  skill  of  management  without  change  of  external  conditions.  Thus  the 
Pennsylvania  Railroad,  having  the  shortest  haul  (and  consequently  the  highest  receipts 
per  mile)  on  traffic  between  almost  all  points  in  the  West  and  the  Atlantic  coast, will  fcxever 
maintain,  under  equal  skill  in  management,  a  ratio  of  receipts  to  expenses  from  10  to  15 
per  cent  higher  than  the  Erie.  The  New  York  Central  would  compare  still  more  un- 
favorably in  this  respect  except  that  the  enormous  volume  of  its  local  traffic  favorably 
modifies  its  average,  which  will  on  this  account,  under  existing  conditions,  be  always  more 
favorable  than  the  Erie.  The  low  ratio  of  the  Baltimore  &  Ohio,  as  respects  the  Penn* 
sylvania,  is  due  almost  exclusively  to  the  greater  relative  volume  of  its  coal  traffic,  which 
is  always  carried  in  full  trains  at  low  cost.  The  same  effect  is  still  more  strikingly  visible 
in  table  giving  the  history  of  the  Philadelphia  &  Reading  Railroad.  See  Index,  and 
Chapter  XXI.,  pars.  973-4. 
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operating  expenses  proper — the  other  half  only  varying  more  or 
less  closely  with  the  details  of  the  line  and  grades,  and  very 
much  less  than  half  with  slight  changes  in  volume  of  traffic. 

99.  Therefore,  it  may  be  said  in  a  general  way  that  ten  per 
cent  added  to  revenue  is  as  good  as  fifteen  per  cent  taken  off 
operating  expenses  ;  and  this  again  means  thirty  per  cent  taken 
off  that  portion  of  the  operating  expenses  which  varies  with 
line  and  grades.  To  gain  or  lose  ten  per  cent  in  revenue  by 
slight  differences  in  the  route  selected  is  very  easy.  To  reduce 
the  whole  operating  expenses  fifteen  per  cent  by  differences  in 
alignment  which  do  not  increase  the  cost  of  construction,  is  not 
so  easy.  Let  us  illustrate,  by  examples  free  from  detail,  the  very 
important  moral  conveyed  in  these  facts.  We  will  assume  the 
case  of  a  fairly  prosperous  line  of  the  second  grade,  whose  in- 
come and  outgo  we  shall  find  may  be  distributed  in  something 
like  the  following  manner  : 

Per  Cent.       Per  Mile. 

Oross  revenue xoo.o         $7*000 

Operating  expenses,  unaffected  by  either  alignment  or 

volume  of  traffic  (50  p.  c.  of  operating  expenses),  .  33.3  $2,333 
Ditto,  increasing  directly  with  considerable  changes  in 

alignment  or  volume  of  traffic,  but  not  with  trifling 

changes  (40  p.  c.) 26.7  1,867 

Ditto,  increasing  directly  with  the  less  important  changes 

in  alignment  or  traffic  (10  p.  c), 6.7  467 

Total  of  nominal  operating  expenses 66.7         $4*667 

Add  to  the  latter  the  rental  or  interest  charge  (6  p.  c.  on 
$30,obo  per  mile,  assumed  cash  cost  of  road  and 
plant) 25.7  x,8oo 

Total  of  true  operating  expenses,  or  cash  cost  of 

producing  the  transportation  sold, 924         $6,467 

Surplus  available  for  dividends    being    the    business 

profit  resulting  from  operation, 7.6  $533 

Let  us  now  see  the  effect  of  increasing  or  decreasing  the 
^oss  revenue  ten  per  cent,  as  it  is  frequently  possible  to  do  (one 
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might  perhaps  more  fairly  say,  rarely  difficult  to  do)  by  probable 
differences  of  alignment  alone.    We  have,  if  it  has  been  increased: 

Per  Mile.      PerCest 
lacrcMe. 

Gross  revenue  (increased  lo  per  cent) t7t7oo  xaa 

Operating  expenses  (lo  p.  c.  only  increased  lo  p.  c), 

or  $47  per  mile  increase, 4*7X3  i^ 

Fixed  charges  (assumed  unchanged), i,8oo  oo 

Total  charges  against  revenue 6>Si3  0,7 

Surplus  available, 1*187  119^ 

The  surplus  available  for  dividends  is  more  than  doubled. 
On  the  other  hand,  if  there  has  been  ten  per  cent  loss  of 
traffic,  we  have — 

PerMUe.     PerCeoL 


Gross  revenue $6,300  iojo 

Operating  expenses  (xo  p.  c.  of  10  p.  c  only  decreased 

10  p.  c) 4,620  IJO 

Fixed  charges, 1,800  oi> 

Total  charges  against  revenue 6,420  — 

The  expenses  are  a  little  over  the  receipts,  and  the  road  is 
on  the  way  to  a  receivership,  if  it  has  been  opened,  as  it  is  very 
apt  to  be,  in  one  of  the  years  in  which  an  ebb  in  the  business  tide 
is  beginning,  and  there  is  no  apparent  growth  (often  a  decrease) 
in  traffic  for  several  years. 

100.  Again:  Let  us  suppose  that,  by  an  improvement  of  or  in- 
jury to  the  line  and  grades,  we  increase  or  decrease  the  average 
train-load  30  per  cent — often  not  difficult  to  effect.  Our  account, 
if  we  have  improved  the  grades,  will  then  stand  as  follows: 

Per  Mile.  Per  CteL 

Gross  revenue, $7,000  oo 

Operating  expenses  (30  p.  c.  of  50  p.  c  saved,  or  $700),    3,967  15JO 

Fixed  charges  (as  above), 1,800  oojo 

5767 
Surplus  available  for  dividends, i»233  lyiJt^ 
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Or,  we  have  benefited  the  line  greatly  indeed,  and  yet  but 
little  more  than  if  we  had  added  10  per  cent  to  revenue.  On 
the  other  hand,  reversing  this  process,  we  find,  as  before,  that 
the  road  is  on  the  way  to  a  receivership. 

101.  Let  us  suppose,  by  an  unnecessarily  extravagant  scale  of 
expenditure,  for  purposes  which  do  not  really  add  much  in  dol- 
lars and  cents  to  economy  of  operation,  we  have  increased  the 
capital  account  or  rental  charge  33  per  cent,  in  a  way  which 
does  not  decrease  operating  expenses  more  than  2  per  cent, 
nor  add  anything  to  revenue — a  not  uncommon  case,  since  the 
use  of  6""  instead  of  10°  maximum  curves  will  alone  suffice  to  do 
it,  in  some  cases.    We  have  then 

Per  Mile. 
Increased  the  rental  charge  33  p.  c,  or |6oo 

Decreased  operating  expenses  2  p.  c,  or 93 

Net  increase, $507 

Or  within  $26  of  wiping  out  the  surplus  over  expenses  and 
fixed  charges.  If  we  have,  in  addition,  adopted  a  line  which, 
instead  of  being  better,  is  really  more  expensive  to  operate 
than  another  line  which  would  have  cost  no  more — or  if,  pos- 
sibly, we  have  adopted  a  line  which,  in  addition  to  being  more 
expensive,  involves  a  certain  sacrifice  of  revenue,  a  receiver- 
ship is  practically  assured.  Both  of  these  are  very  probable 
contingencies,  but  if  we  have  escaped  them,  we  have  barely 
saved  ourselves.     The  profit  from  the  enterprise  is  destroyed. 


102.  A  great  change  has  taken  place  within  the  past  ten 
or  fifteen  years,  and  indeed  is  still  in  progress,  in  the  operat- 
ing expenses  of  railways,  as  a  result  of  the  introduction  of  cer- 
tain modern  improvements,  and  notably  the  steel  rail.  At  so 
recent  a  period  as  the  publication  of  the  first  edition  of  this 
treatise  (1877)  these  improvements  had  hardly  begun  to  tell  at 
all  upon  the  statistics  which  were  available  for  its  preparation  ; 
but  they  have  already  (1885)  modified  them  profoundly,  and 
where  the  process  will  end  it  is  impossible  to  foresee  with 
8 
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exactness — further  than  that  the  change  will  be  very  much  more 
radical  than  even  yet  appears  upon  the  surface. 

103.  Besides  ttte  steel  rail,  there  has  been  a  great  increase  in 
tlie  power  of  locomotives.  The  old  eight-wheel  "American" 
locomotive,  then  almost  universal  for  freight  as  for  passenger 
service,  is  now  almost  completely  out  of  use  for  heavy  freight 
service.  Mogul  or  Consolidation  locomotives  are  rapidly  super- 
seding it,  and  will  in  the  near  future  almost  wholly  supersede  it 
On  all  but  roads  of  very  light  traffic  the  Consolidation  locomo- 
tive appears  to  be  the  engine  of  the  future  ;  and  a  still  heavier 
type,  the  **  Mastodon"  locomotive,  has  been  introduced,  with  ex- 
cellent prospects  of  wider  use. 

104.  The  capacity  of  ordinary  freight  cars  has  also  been 
increased  from  ten  or  twelve  tons  to  fifteen  and  twenty  tons, 
with  but  a  comparatively  slight  increase  in  the  weight.  In 
fact  the  30- ton  car  has  alreadv  become  the  standard  both  for 
coal  and  all  other  traffic,  and  many  25-ton  and  not  a  few  30-ton 
cars  have  been  built.  The  movement  in  their  favor  has  gone 
so  far  that  a  committee  of  the  Master  Car-Builders*  Association 
has  reported  standard  dimensions  for  such  a  car,  but  it  is  as  yet 
regarded  as  exceptional,  but  many  25-ton  cars  are  already  in  use, 
and  it  may  confidently  be  expected  that  the  average  car-load  will 
increase  for  many  years.  It  has  increased  fully  50  per  cent  in 
the  past  ten  years. 

105.  Siill  other— comparatively  unimportant— changes  which 
are  gradually  reducing  the  cost  of  operating  are,  first,  the 
creosoiing  or  otherwise  preserving  of  cross-ties  (a  practice  in 
small  but  increasini::  use);  and.  secondly,  the  substitution  of  first* 
class  ballast  tor  what  has  heretofore  done  dutj'  for  that  purpose. 

The  almost  incredibly  rapid  growth  of  traffic  (sec  Tables  21 
to  ^^4,  and  others)  has  been  perhaps  the  most  potent  factor  of 
all,  and  these  causes,  and  the  gradual  tall  in  the  cost  of  producing 
every  torm  of  manufactured  commodity  consumed  by  railways, 
render  it  impossible  to  predict  with  any  certainty  either  the 
future  cost  vM*  a  train -mile,  or  the  ratio  which  the  various  ex- 
penses will  bear  to  each  other.    The  changes  of  the  next  ten  years 

V.'.'.  :•  'V.V.-M*^  M/.V     Fhr  Kioup  oi  S:iLm miirked  *  iacladctaTCff7MMdlliicli<<atcaile- 
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Table  38. 
ReCEtPTS,  Expenses,  and  Profits  per  Ton-Mile. 
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Table  39. 

Average  Cost  Per  Train-Mile  of  the  Four  Trunk  Lines  and  English 

Railways. 


Year. 

N.  Y.  Cent. 

Erie. 

Pbnna.                      B.  &  0. 

Cents  per 
Train. 

Revenue. 
Mile. 

Revenue. 

Mile. 

Cents  per  Enrine. 
Mile. 

1873 

126.2 
127.3 

116. 6 
122.0 

95.5  ' 
89.6 

71 . 1 

74 

67.7 

/*+••••••••••. 

i87«;  

132.5 

"93 

80.1                         63  9 

*"/j  «••..»•.•. 

76 

114. 6 

104.0 

lOI.O 

95.5 

114. 2 
102. 1 

99.5 
95.6 

76.2  60.9 

74.3  1              57-3 
73.6                             e«    c 

77 

78 

/" 

7Q 

72.0 

52.2 

/V'*' 

1880 

107.3 

I0I.8 

83.8 

fi-7     T 

*'J  •  **                                    "  i  •  - 

81 

112. 5 
118. 3 
123.2 
108.5 

105.2 
108.0 
100.5 

95.7 

8i.i                      71.6 
88.2                      71.5 

85.7                           6n--« 

82 

83 

^  J 

84 

84.4 

66.3 

1885 

92.6 

91.2 

78.1 

69.0 

*  ^^J 

See  also  Lake  Shore  &  Michig:an  Southern  statistics,  Tables  30,  31,  and  others  fol- 
lowing. 

The  above  suffices  to  show  that,  while  there  has  been,  on  the  whole,  a  decline  in 
expenses  per  train-mile,  yet  the  main  part  of  the  enormous  economy  per  ton-mile  shown. 
in  Table  38  has  come  about  by  the  increase  in  averag:e  train-load  shown  in  Table  33,  and 
not  in  saving  of  cost  per  train-mile,  which  does  not  app>ear  likely  to  decrease  much 
further. 

The  average  earnings  per  train-mile  of  British  railways  have  fallen  every  year  but  one 
since  1874,  having  been  $i..^6  m  1874,  $1.26  in  1879,  and  $1.19  in  1884.  But  the  decrease 
in  working  expenses  has  been  almost  as  regular,  and  until  1881  just  as  great,  so  that  the 
net  earnings  per  train  were  very  uniform,  varying  only  between  60.24  and  61.36  cents  per 
train-mile  from  1874  to  1880.  Since  1877  the  earnings  and  expenses  have  been,  in  cents- 
])er  train -mile  • 


Receipts.... ..13050 

Cost 


4877. 

1879. 

1880. 

I88L 

1882. 

1883. 

1884. 

130  50 

126.24 

125.42 

123.48 

X33.80 

xax.f6 

1x9. xa 

ry  38 

66  00 

64.74 

64  56 

64.94 

64*.  34 

63.18 

Profit 6 


1 .  12 


(V>.24 


60  68 


58.92 


58.86 


57-42 


55.94 


The  results  are  very  much  more  uniform  than  would  be  shown  in  this  country,  even  in 
those  parts  of  it  where  rates  are  steadiest.    The  larger  part  of  the  reduction  inezpenses  of- 
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the  British  railways  has  been  in  the  cost  of  maintenance  of  road.  This  has  fallen  from 
15.70  cents  per  train-mile  in  1874  Jto  12.76  in  1879  ^^^  i^*^  cents  in  1884.  Per  mile  0} 
road  expenses  nmged,  for  the  five  jFe^js  from  1874  to  1878  inclusive,  from  $x»865  to 
$a,oao  for  maintenance  of  road,  and  averaged  $1,965.  Then  thej  fell  o£F  suddenly  to 
$1,690,  and  have  never  been  so  low  since,  ranging  thence  to  $x,8oo  in  1883  and  $1,750  in 
1884,  and  averaging  $1,751  from  187910  1884. 

The  total  expenses  per  mile  of  road  have  ranged  from  $9,665  in  1875  and  $9,605  in 
1883  to  $8,775  ii^  >S79t  ^^^  ^c  Si^>"  earnings  averaged  $17,690  for  the  five  years  from 
1874  to  1878,  reaching  the  maximum,  $18,255,  in  1885. 


will  probably  be  greater  than  those  of  the  last  ten,  and  all  that 
we  can  be  sure  of  is  that  the  cost  per  ton.mile  (not  probably  per 
train-mile)  will  contintw  to  fall  rapidly,  although  it  hardly  seems 
possible  that  it  can  fall  quite  so  rapidly  as  in  the  last  ten  years. 
Table  38  and  others  will  show  the  recent  changes  in  the  cost 
per  ton-mile,  and  Table  39  the  changes  in  the  cost  per  train-mile. 

106.  Nevertheless,  it  fortunately  happens  that  those  items  of 
expenditure  with  which  we  are  more  immediately  concerned —  • 
those  which  are  effected  by  the  location  of  the  line — may  be 
anticipated  with  reasonable  certainty  from  known  facts  and 
tendencies,  although  it  is  not  expedient  to  rely  too  much  on 
existing  statistics  of  the  immediate  past  of  railways  in  respect 

to  some  items,  as  notably  steel  rails;  since  it  would  tend  to  the 
<iangerous  error  of  overestimating  the  probable  expenses. 

107.  The  operating  ex-penses  of  railways  divide,  naturally, 
for  the  purpose  which  we  have  immediately  in  view,  and  in  the 
main  for  all  purposes,  into  the  three  great  classes  below  : 

1.  Maintenanioe  and  Renewal  of  Way  and  Works,  in- 
cluding all  permatkest  structures  and  buildings,  except  engine 
and  car-shops. 

This  has  until  Toce«tly  averaged  very  uniformly  25  per  cent 
of  the  total  expenses  on  all  American  railways.  It  is  now 
decreasing  both  relatively  and  absolutely,  but  far  less  rapidly 
than  might  be  expected,  because  of  both  temporary  and  per- 
imanent  causes  below  mentioned. 

2.  Train  Expenses,  including  all  expenses  of  every  nature 
and  kind  connected  with  the  running,  handling,  maintenance 
.and  renewal  of  n>otive-power  and  rolling-stock,  but  not  includ- 
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;ng  any  station  or  terminal  expenses,  except  switching^.  These 
expenses  have  heretofore  averaged  very  close  to  42  per  cent 
of  the  total  operating  expenses,  and  cost  from  30  to  50  cents 
per  train-mile.  They  have  decreased  considerably  per  train- 
mile  for  the  same  class  of  engines,  but  the  introduction  of 
heavier  engines  will  have  a  tendency  to  keep  them  more  nearly 
constant.  Relatively  to  the  other  operating  expenses  they  are 
growing  continually  more  important. 

3.  Station,  Terminal,  and  General  Expenses  and  Taxes^ 
With  these  we  are  very  little  concerned.  Most  of  them  vary 
more  or  less  (for  the  most  part,  less)  with  the  tonnage  or 
volume  of  business  ;  but  all  of  them  are  independent  of,  or  in- 
appreciably affected  by,  any  of  the  details  of  lines  and  grades, 
and  therefore,  for  our  present  purpose,  may  be  included  to- 
gether and  neglected,  except  as  to  their  aggregate.  Taxes  at 
first  sight  appear  to  be  afifected  by  the  alignment,  in  so  far  as 
they  might  increase  with  the  length  of  the  road  ;  but  taxes  are 
based  upon  value  and  not  on  cost,  and  hence,  although 
nominally  based  upon  distance,  are  in  reality  much  more  truly 
based  upon  low  grades,  large  traffic,  and  good  rates.  They  are^ 
moreover,  too  small  and  variable  an  item  to  justify  their  consid- 
eration as  one  of  the  expenses  affected  by  any  of  the  details  of 
alignment.  Station  expenses  also,  and  all  the  other  expenses 
mentioned,  are  the  same  tor  the  same  business,  whatever  changes 
in  the  alignment  may  be  made,  except  as  such  change  brings 
additional  way  business  :  but  even  then  the  change  will  rarely 
be  sufficient  to  appreciably  modify  the  station  expenses.  For 
its  indirect  value  in  such  cases  and  others,  and  as  a  matter  of 
general  information,  Tables  75  to  80  give  what  the  cost  of  the 
various  items  of  station  and  general  expenses  amount  to  on 
various  roads  and  in  various  sections. 

maintenance  of  way. 

109.  The  steel  rail  has  revolutionized  maintenance  of  way.  Previous 
to  its  advent  the  great  trunk  lines  were  engaged  in  an  unceasing  strug* 
gle,  which  was  rapidly  becoming  hopeless,  to  maintain  their  lines  in  a 
decently  safe  and  passable  condition.     Much  of  this  difficulty  was  due  to 
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the  most  culpable  carelessness  as  to  the  quality  of  rails  purchased  ;  but 
the  difficulty  existed,  and  was  only  partially  remediable  at  best.  The 
cost  of  rail  wear  alone  per  train-mile  was  from  7  to  9  cents,  and  their  life 
on  important  lines  was  measured  by  months  rather  than  years. 

Under  these  circumstances  the  track  was  constantly  disturbed,  the 
ties  cut  full  of  spike-holes,  the  joints  imperfect  and  irregularly  spaced, 
owing  to  the  constant  cutting  of  rails,  the  line  and  surface  difficult  to 
maintain  correctly,  and  anything  like  a  permanent  rock  ballast  well-nigh 
out  of  the  question,  although  it  was  occasionally  used.  As  a  further  and 
very  natural  consequence  all  maintenance  expenses  for  the  above  items 
varied  to  a  very  remarkable  degree,  in  almost  exact  ratio  with  the  ton- 
nage and  rail  wear — as  indeed  they  still  do,  but  to  a  less  noticeable  ex- 
tent. Some  evidence  of  the  former  conditions  is  still  preserved  in  Table 
40,  but  further  space  need  not  be  devoted  to  the  discussion  of  conditions 
which  no  longer  exist  to  any  extent. 

110.  The  superiority  of  the  steel  rail  lies  not  so  much  in  its  greater 
strength  and  toughness  (although  it  is  stronger  by  20  to  30  per  cent)  as 
in  its  greater  homogeneousness  and  absolute  freedom  from  grain.  In 
other  words,  when  of  good  quality  it  is  tough  enough  to  last  until  it  is 
worn  out,  whereas  the  iron  rail  splits  into  pieces  long  before  it  has  lost 
any  serious  amount  by  wear.  The  wearing  properties  proper  of  iron  and 
steel  rails — their  resistance  to  abrasion — are  not  materially  different. 

111.  The  average  life  of  good  steel  rails  properly  manufactured  and 
inspected  so  as  to  eliminate  all  imperfections  arising  from  a  lack  of  ordi- 
nary care  and  skill,  and  weighing  60  to  80  lbs.  per  yard,  according  to 
the  weight  of  engine,  has  now  been  determined  with  a  considerable 
approach  to  certainty  to  be  about  150,000,000  to  200.000,000  tons,  or 
(what  is  probably  a  more  correct  way  of  putting  it)  from  300,000  to 
500,000  trains.  From  10  to  15  lbs.  or  three  eighths  to  five  eighths  of  an 
inch  in  height  of  the  head  of  such  a  rail  is  available  for  wear,  and  abrasion 
takes  place  at  the  rate  of  about  i  lb.  per  10,000,000  tons,  or  one  sixteenth 
inch  per  14,000,000  to  15,000,000  tons.  This  durability  may  be  regarded 
as  nearly  a  minimum  for  strictly  first-class  rails,  as  many  recorded  obser- 
vations indicate  a  much  higher  durability. 

112.  Unfortunately,  it  may  be  said  to  be  the  rule  rather  than  the  ex- 
ception, that  American  railways  now  buy  their  steel  rails,  as  they  for- 
merly bought  their  iron  rails,  without  any  effective  inspection  as  to  quality ; 
the  so-called  inspections,  when  there  is  any  even  in  form,  being  confined  to 
the  exterior  qualities  of  the  rail.  Unfortunately,  also,  a  few  years  since  the 
result  of  an  investigation  on  the  Pennsylvania  Railroad  into  the  wearing 
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qualities  of  steel  rails,  which  showed,  or  seemed  to  show,  that  very  hard 
rails  did  not  wear  so  well  as  softer  and  tougher  rails,  was  taken  to  indi- 
cate that  softness  in  itself  was  a  desirable  quality  in  a  rail ;  and  the  pains- 
taking character  of  the  investigation  and  high  reputation  of  the  road 
having  given  these  conclusions  wide  dissemination,  manufacturers  for 
many  years  took  them  as  a  g^ide,  and  between  x88o  and  1885  produced 
rails  which  have  deformed  readily  under  the  impacts  of  service,  espec- 
ially at  the  joints,  and  have  also  worn  away  very  rapidly,  so  that  their  life 
has  often  been  only  a  year  or  two  under  very  moderate  trunk-line  traffic. 
In  instances  it  has  been  only  a  few  months. 

113.  The  particular  cause  for  this  deterioration  of  quality,  whether  it 
is  chemical  or  mechanical,  or  both,  is  as  yet  obscure.  It  is  probable  that 
as  there  has  been  no  adequate  inspection  to  enforce  sound  practice  the 
chemical  composition  has  suffered  by  the  use  of  cheaper  ores,  cheaper 
men  to  supervise  manufacture,  and  less  care  in  all  the  processes.  But  a 
chief  cause  is  probably  mechanical — that  the  "  bloom,"  or  first  rough  cast- 
ing of  the  steel  from  the  converter,  out  of  which  the  finished  rails  are  fash- 
ioned, is,  in  the  first  place,  heated  unduly  hot  for  passing  through  the 
rolls,  and,  in  the  second  place,  is  passed  through  them  a  less  number  of 
times,  or  too  rapidly,  or  both.  In  order  to  roll  a  rail  very  rapidly  and 
with  few  passes  it  must  necessarily  be  very  hot,  both  to  begin  with  and 
when  it  finally  leaves  the  rolls.  Its  molecular  structure  might  be  expected 
to  be  disadvantageously  affected  by  this  lack  of  surface  compression,  ind& 
pendently  of  the  fact  that,  being  left  to  cool  slowly  after  it  leaves  the 
rolls,  it  is  thoroughly  annealed  by  the  same  process  as  makes  the  finest 
tool  steel  soft  enough  to  readily  suffer  deformation  from  dies.  The 
rapid  motion  of  the  rolls,  moreover,  may  not  give  the  molecules  suffi- 
cient time  to  flow  upon  each  other  properly,  and  a  spongy,  unhomogene- 
ous  metal  is  the  result. 

114.  Whether  or  not  this  is  the  true  explanation,  it  cannot  be  ques- 
tioned that  there  is  some  equally  simple  and  easily  remedied  expla- 
nation, because  certain  makers  do  produce  rails  of  excellent  quality 
which  are  sold  at  the  same  price  as  the  inferior  ones.  The  remedy, 
therefore,  lies  simply  in  more  thorough  tests,  especially  for  ability  to 
resist  deformation  ;  and  it  would  be  erroneous  to  conclude  from  this  ad- 
mitted but,  it  may  reasonably  be  hoped,  temporary  evil  that  the  estimate 
of  cost  of  rail  service  should  be  permanently  increased.  The  reasonable 
cost  per  train-mile  of  rail  wear  may,  on  the  basis  of  the  facts  above 
given  as  to  the  life  of  rails,  be  estimated  at  from  0.3  to  0.5  cents,  as  fol- 
iows: 
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Cost  of  one  mile  of  steel  rails,  95  long  tons,  at  $50^     •     .  $2,850 
Less  scrap  value  of  unworn  steel,  say  nearly  half*    •     •    .     i>3So 

Leaving  as  net  cost  of  wearable  portion,  per  mile,  .     •     •  $1,500 

Divided  by  total  life  of  300,000  to  500,000  trains,  this  gives  0.3  to  a^ 
cents  per  train-mile ;  but»  in  view  of  the  present  difficulty  of  getting  good 
rails,  and  tendency  to  increase  the  weight  of  trains,  we  may  assume.the 
even  figure  of  i.o  cents  per  train-mile  as  a  maximum  which  there  is  no 
need  of  ever  exceeding. 

No  allowance  for  interest  or  discount  to  represent  the  present  value  of  tlie 
scrap  is  made  in  this  estimate,  nor  should  there  be,  althongfa  at  first  sight  an 
argument  to  the  contrary  seems  plausible.  The  whole  original  cost  of  the  steel 
is  a  permanent  part  of  the  cost  of  the  property  on  which  interest  must  be  paid, 
like  the  cost  of  the  ties  and  structures.  The  renewals  for  each  year  simplf 
represent,  in  the  long-run,  the  rail  wear  for  that  year,  and  no  question  of  inter- 
est is  involved  in  the  cost  of  simply  using  the  steel  to  run  trains  over. 

115.  The  locomotive  alone  causes  by  far  tlie  greater  portion  of  this 
wear — how  much  is  not  positively  known.  Freycinet.  a  French  engineer, 
writer,  and  politician  of  much  prominence,  recently  Minister  of  Public 
Works,  estimates  that  the  locomotive  does  three  fourths  of  the  damage 
and  the  train  itself  only  one  fourth.  Launhardt,  a  German  writer  on  the 
subject,  after  noting  the  fact  that  the  locomotive  and  tender  together 
constitute  only  one  fifth  of  the  total  weight  of  train  on  the  Prussian  State 
railways  (it  would  be  considerably  less  in  this  country),  considers  that  half 
the  wear  is  due  to  the  locomotive  and  tender  and  half  to  the  train.  This 
in  all  probability  is  a  very  moderate  estimate.  Experience  on  the  gravity 
railways  in  Eastern  Pennsylvania,  worked  solely  by  inclined  planes  and 
carrying  a  heavy  coal  traffic  with  the  ordinary  vehicles,  and  with  all  other 
usual  conditions  except  that  no  locomotives  run  over  the  rails,  shows 
that  the  rail  wear  even  of  iron  rails  is  very  slight  indeed  under  heavy  ton- 
nage, but  with  light  loads  per  wheel ;  but  exact  figures  of  the  wear  cannot 
be  presented.  Mr.  O.  Clianute  investigated  this  question  somewhat  by 
placing  impression  paper  between  the  rails  and  wheels  and  determining 
the  areas  of  the  surfaces  in  contact.  He  points  out  that  the  pressure  of 
the  drivers  approximates  to  the  ultimate  crushing  resistance  of  the 
metal,  and  that  the  pressure  per  unit  of  area  is  very  much  less  with  ordi- 
nary car-wheels.  He  therefore  reaches  substantially  the  above  condu- 
sions— that  from  one  half  to  three  fourths  of  the  total  wear  of  the  rails 
originates  from  the  engine  alone. 
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116.  We  may  assume,  therefore,  the  cost  of  maintaining  fairly  good 
steel  rail  at  0.5  to  i.o  cent  per  train-mile;  the  cost  of  additional  engine- 
mileage,  the  car-tonnage  remaining  constant,  being  only  half  as  great. 
These  values,  although  in  round  figures,  probably  approximate  very 
closely  to  the  facts,  and  the  very  best  quality  of  rail  might  reduce  them 
one  half ;  but  the  poorer  qualities  which  have  been  so  generally  sold 
of  late  years  greatly  increase  it,  when  so  poor  that  the  rail  speedily 
mashes  out  of  shape,  and  from  this  cause  and  renewals  of  the  still  re- 
maining iron  rails  combined,  2  cents  is  nearer  the  present  average  (see 
Tables  75-80).  Much  of  the  rapid  wear  of  rails  results  from  the  imper- 
fections of  the  fish-plate  type  of  joint  which  is  now  universal.  Its  de* 
fects  of  principle  are  such  that  it  seems  quite  certain  to  be  supplanted 
within  a  decade  by  something  better — probably  by  something  closely  re- 
sembling in  principle  the  Fisher  '*  bridge"  joint,  if  not  identical  with  it. 

TRACK   LABOR. 

117.  This  item  includes  all  the  considerable  elements  of  cost  in  main- 
tenance of  way  proper  outside  of  rails,  ties,  and  frogs  and  switches.  It 
has  been  unmistakably  falling  in  the  last  ten  years,  the  decrease  on  many 
roads  having  been  as  much  ^  fifty  per  cent.  About  one  fourth  to  one 
third  of  this  decrease  is  accounted  for  by  the  decrease  in  the  rate  of 
wages  to  what  bids  fair  to  be  a  permanent  average  of  about  $1.25.  The 
remainder  is  almost  wholly  due  to  the  advent  of  the  steel  rail.  Except 
that  the  joints  are  still  so  weak  and  imperfect  a  detail,  it  would  unques- 
tionably fall  very  much  more. 

This  decrease  is  destined  to  continue,  but  less  rapidly,  for  some  time 
in  the  future ;  and  in  making  estimates  of  operating  expenses  for  the  next 
few  years — if  not  for  a  long  period  ahead — the  apparent  indications  of 
the  statistics  of  other  roads  must  be  accepted  with  much  caution.  All 
the  roads  now  laid  with  steel — with  hardly  an  exception — are,  instead  of 
reducing  track  expenses  to  the  lowest  limit  possible,  maintaining  for  the 
time  being  something  like  the  old  rate  of  expenditure  and  perfecting  the 
condition  ii  their  road  by  adding  better  ballast,  dressing  up  the  road-bed 
and  right  of  way,  improving  their  yards  and  switches,  etc.,  etc.  This 
wise  procedure  is  in  reality  an  addition  to  the  capital  account,  but  for 
obvious  reasons  of  expediency  it  is  still  called  and  charged  to  mainte- 
nance of  wav. 

118.  It  is  also  very  evident  that  the  larger  the  business  of  a  road,  i.e., 
the  niore  prosperous  it  is,  the  more  likely  will  it  be  to  continue  this 
process  extensively.  For  example,  the  Pennsylvania  Railroad,  although 
laid  with  steel  and  ballasted  with  stone  throughout,  still  includes  a  very 
heavy  charge  per  mile  of  road  (although  not  per  train-mile)  in  its  annual 
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accounts  for  "  maintenance  of  way/'  the  reason  bein^  simply  that  it  ii 
engaged  in  giving  the  last  degree  of  finish  to  its  road-bed,  track,  and 
right  of  way ;  and  the  same  is  true  in  a  less  degree  of  many  other  rail- 
ways. "> 

119.  It  is  even  possible  that  this  practice  will  be  continued  indefinitelf 
as  a  matter  of  permanent  policy ;  and  when  it  comes  to  dressing  up  the 
•edges  of  rock  ballast  with  a  siring,  sodding  and  planting  slopes,  etc.  etc. 
there  is  hardly  any  end  to  the  labor  which  may  be  Ic^t  busily  employed 
in  "  maintenance  of  way,"  nor  can  it  be  doubted  that  such  expenditure 
would  be  returned  in  part,  perhaps  many-fold,  by  its  value  to  the  line; 
for  its  value  lies  not  alone  in  the  direct  economy  of  such  fine  condition. 
but  in  its  value  as  an  advertisement,  by  making  travel  over  the  line  more 
attractive,  and  likewise  in  its  etiect  to  instil  habits  of  caution,  neatness^ 
and  watchfulness  into  the  entire  force  of  employes.  Nevertheless,  such 
facts  should  not  lead  us  to  confound  advertising  and  landscape  gardening 
with  "  maintenance  of  way,"  nor  blind  us  to  the  fact  concealed  from  sight 
in  the  current  statistics — and  likely  to  be  for  some  years  yet — ^that  the 
cost  of  maintaining  steel-rail  track  is  no  longer  greatly  affected  by  the  ton- 
nage. It  will  for  some  time  appear  to  be  the  case — as  it  came  very  near 
to  being  actually  the  case  during  the  iron-rail  period — ^that  the  total  cost 
of  maintaining  track  varies  very  nearly  with  the  tonnage,  and  that  it  has 
not  been  so  very  largely  diminished  by  the  steel  rail  as  was  expected. 
Perhaps  there  is  more  that  is  permanent  in  this  appearance  than  is  ex- 
pected, as  certainly  there  is  unless  the  current  carelessness  in  buying  bad 
rails  at  good  prices  is  reformed ;  but  the  following  estimates  (par.  124} 
seem  reasonable  and  sufficient. 

120.  Cross-ties  alone  cost  from  $120  to  $225  per  mile  of  main  track. 
about  330  per  year  (one  eighth  of  the  total  number)  being  required  per 
mile  of  main  track,  at  an  average  cost  of,  say,  50  cents  per  tie  (it  is  often 
only  30  or  40  cents  in  favored  localities),  with  about  two  thirds  as  many. 
or  220  per  year,  per  mile  of  side  track.  Side-track  ties  will  hardly  aver- 
age in  cost,  however,  more  than  half  as  much  per  mile  per  ye|r  as  main* 
track  ties,  being  largely  "  culls."  or  of  otherwise  inferior  quality. 

In  England  and  Europe  generally  the  number  used  per  mile  is  less— ordi- 
narily 1760  per  mile,  or  three  feet  apart,  the  dimensions  being  in  England  some- 
what greater,  usually  9  feet  by  10  X  5  inches  instead  of  8  to  8^  feet  by  6  X'8  inches. 
and  the  wood  inferior  fir  instead  of  oak ;  and  yet  the  average  life  of  English 
sleepers  is  longer  by  about  50  per  cent  than  in  America,  the  difference  J>eing 
due  in  part  to  better  ballast  and  roadbed,  in  part — perhaps  mainly — to  greacer 
care  to  have  the  ties  well  seasoned  before  putting  them  in  the  track  (in  respect 
to  which  American  roads  are  very  careless),  and  in  part  to  the  use  of  cast-iroa 
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dliairs  on  English  tracks  to  carry  the  rail  and  protect  the  sleepers  from  "cutting/* 
The  differences  of  practice  in  England  and  America  result,  for  the  roost  part, 
irom  differences  of  conditions,  and  not  from  mistakes  of  judgment  on  either 
tide.  Where  wood  of  any  kind  is  dear,  hard  wood  out  of  the  question,  and 
labor  and  rails  cheap,  the  English  and  Continental  plan  of  widely  spaced  ties, 
with  the  rail  carried  in  chairs,  is  at  least  defensible,  although  it  may  be  ques- 
tioned if  there  is  any  real  economy  in  spacing  ties  so  widely.  Where  good 
hard-wood  ties  are  cheap  it  would  be  folly  to  space  ties  farther  than  two  feet 
apart,  or  to  use  a  rail  requiring  chairs.  One  effect  of  the  English  plan  is  that, 
for  equal  subility  and  strength,  very  much  heavier  rails  must  be  used  than 
with  the  ties  nearer  together,  which  is  the  chief  explanation  of  the  fact  that  they 
are  heavier. 

121,  The  expense  of  cross-ties  will  probably  be  considerably  reduced' 
within  the  next  ten  years  by  the  more  general  introduction  of  burnettizing- 
or  other  equivalent  processes,  and  it  will  then  be  almost  wholly  true,  as 
it  is  now  in  part,  that  the  life  of  ties  is  independent  of  the  tonnage.  The- 
only  way  in  which  tonnage  seriously  affects  the  life  of  a  tie,  under  a  steel 
rail,  is  by  helping  on  that  process  of  local  rotting  which  is  popularly  and 
erroneously  known  as  **  cutting"  into  ties.  The  difference  in  this  respect 
between  main-track  ties  (especially  if  of  soft  wood)  and  side-track  ties,  i& 
very  considerable ;  but,  given  three  or  four  trains  a  day  over  the  track, 
the  effect  of  even  twenty  or  thirty  more  trains  a  day  is  much  less  impor- 
tant, and  the  "  cutting"  does  not  take  place  noticeably  faster.  This  re- 
sults from  the  fact  that  the  only  real  assistance  which  the  train  gives  to 
the  *'  cutting"  is  to  wear  away  the  rotted  surface,  so  as  to  leave  a  fresh 
surface  exposed  to  decay.  It  is  physically  impossible  for  the  rail  to  cut 
into  a  sound  tie  under  existing  loads,  except  as  assisted  by  the  greater 
rapidity  of  rotting  under  the  rail  than  alongside  of  it.  That  this  is  true 
is  conclusively  proved  by  the  fact  that  creosoted  or  similarly  preserved 
ties  do  not  cut  to  any  important  extent,  even  when  the  wood  is  soft. 

The  importance  of  this  distinction  as  to  the  cause  of  "  cutting"  is 
obvious ;  since  it  follows  from  it  that  the  wear  will  not  be  very  greatly 
increased  by  an  increase  in  number  of  trains,  beyond  four  or  five  per  day, 
whereas  otherwise  the  wear  of  ties  would  be  directly  as  the  train-mileage. 

122i  Putting  ties  into  the  track  costs  about  one  third  as  much  as  the 
tie  itself,  including  all  labor  incident  thereto,  or  about  15  cents  per  tie, 
or  $50  to  $75  per  year.  Including  with  this  the  maintenance  of  ballast 
and  ditches  and  ordinary  track-walking,  but  not  including  policing  the 
right  of  way  and  road-bed,  special  watchmen,  removing  snow  and  ice, 
care  of  sti*uctures,  or  extraordinary  repairs — the  total  cost  of  track 
LABOR,  as  thus  defined,  properly  and  necessarily  chargeable  to  the  main- 
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tenance  of  steel-rail  track,  once  reasonably  well  ballasted  and  in  good 
general  condition,  is  not  far  from  $300  per  mile  of  single-track  main  line 
per  year,  or  say  five  men  for  every  six  miles.  This  amount  is  only  to  a 
very  limited  extent  affected  by  the  volume  of  traffic  if  the  standard  of 
maintenance  is  not  increased.  It  does  not  now  appear  probable  that  it 
can  ever  be  materially  reduced  to  advantage,  since  it  is  necessary  to  have 
that  number  of  men  available  for  emergencies  for  prudential  reasons; 
and  work  can  and. will  be  easily  found  for  that  number,  after  the  track  has 
been  brought  in  the  course  of  years  to  a  condition  of  far  greater  excel- 
lence than  the  present  average,  by  continuing  the  present  rate  of  expen- 
diture, and  not  a  few  lines  of  the  first  rank  will,  by  aiming  at  absolute 
perfection,  permanently  incur  a  still  larger  expense. 

123i  About  $50  per  mile  of  the  above  total  will  ordinarily  go  for  track- 
walking,  which  is  about  all  the  expense  for  track  watchmen  that  will 
usually  be  incurred  on  roads  running  only  three  or  four  trains  per  day 
each  way.  For  a  traffic  beyond  that,  the  usual  expense  per  annum  is 
about  $5  per  mile  for  each  daily  train  round  trip  (or  say  three  fourths  of 
a  cent  per  train-mile),  up  to  a  total  of  about  $150  to  $200  per  mile,  beyond 
which  this  account  very  rarely  runs.  Snow  and  ice  is  another  source  of 
irregular  expense  for  "  maintenance  of  way."  It  amounts  to  about  $50 
per  mile  of  main  line,  single  track,  per  year,  and  about  $100  per  mile  of 
double-track  road  in  ordinarily  unfavorable  regions — running  much  high- 
er, of  course,  on  short  sections.  Long  shallow  cuttings  are  the  greatest 
sources  of  annoyances  and  expense  in  respect  to  snow  and  ice — a  consid- 
eration often  forgotten  in  fixing  gradients. 

124.  The  total  cost  of  maintenance  of  way  for  single-track  railways  of 
moderate  traffic  may  be  safely  estimated  as  follows,  for  those  items 
only,  which  are  practically  independent  of  volume  of  traffic : 

Cross-ties $150  to  $225^ 

Do.  for  sides, 10  to  40 

Labor  on  track, 1 50  to  200 

Track- walking, $0  to  100 

Snow  and  ice, o  to  50 

Ballast 50  to  loo 

Fences  and  miscellaneous,    .    .  25  to  50 

$435  to  $765  - 
To  which   mus^  be  added   for 
cattle-guards,   open   culverts, 
and  crossings,  about  25  to      50 

Total, $460  to  $815 

Steel  rails,  say 20  to     100 


Per  mile  of  main  track, 
not  including  mileage  of 
sidings.  Common  track 
labor  $1.25  per  day. 
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To  this  estimate  must  be  added  certain  allowances  for  maintenance  of 
structures,  for  the  maintenance  of  large  yards  and  terminal  facilities,  and 
for  extraordinary  damages  and  repairs,  and  also  for  the  wear  of  steel,  and 
other  expenses,  according  to  traffic.  The  amount  of  necessaiy  expendi- 
ture which  can  with  any  propriety  be  assumed  to  vary  directly  with  the 
tonnage  will 


Steel  rails,  i  ct.  per  train-mile,  or  $20  per  1,000,000  gross  tons 
(including  all  expenses  for  relay- 
ing, spike,  etc,  connected  there- 
with). 
Track   labor,  etc.,  li  cts.  p.  t.  m.,  25    ** 
Track  watchmen,      f    "       "  15"  " 


M  M 


Total,    .    .     3    "      "       $60 


««  M  M  <• 


This  amount  will  vary  almost  exactly  with  the  number  of  trains,  inde- 
pendent of  their  weight  and  length.  As  will  be  seen  from  Table  41, 
the  present  rate  of  expenditure  for  rail  renewals,  in  all  parts  of  the 
United  States,  is  much  higher  than  the  above,  or  about  $200  per  mile, 
but  this  can  hardly  continue  to  be  permanently  the  case. 

12ft.  Yet  it  must  be  admitted  that  there  are  some  strange  anomalies  in 
the  records  of  maintenance  of  way  expenses  which  seem  to  indicate  that 
such  expenditures  will  continue  to  bear  a  nearly  constant  ratio  to  the  train 
expenses  proper,  as  they  have  in  the  past.  For  example,  if  Table  41  be 
examined,  it  will  be  seen  that  in  every  item  of  maintenance  of  way— even 
those  which  seem  most  nearly  independent  of  the  number  of  trains,  like 
ties,  bridges  and  buildings,  repairs  of  road-bed  and  track — it  is  the  cost 
^er  mile  of  road  which  varies,  and  that  the  cost  per  train-mile  or  the 
percentage  of  the  total  remains  far  more  nearly  constant.  In  fact,  the 
cost  of  rails,  which  one  might  expect  to  be  almost  precisely  so  much  per 
iraiH-miie,  comes  much  the  nearest  of  all  to  being  uniform  per  mile  of 
road.  Beginning  with  the  section  of  heaviest  traffic, — the  Middle  States 
group,  which  includes  Ohio,  Indiana,  and  Michigan, — the  cost  of  rail  re- 
newals, in  cents  per  train-mile,  is 

3.50,    4.08.    5.03,  6.08,  6.72,  3.66,  averaging  443 ; 

while  that  of  road  and  track  labor  is 

9.2,    ii.o,    ii.o,    8.7,  16.5,  8.3,    averaging  10.2. 

Individual  roads  may  be  compared  almost  at  random  with  similar  in- 
dications.   The  following  two  roads,  not  selected  in  any  way  except  as 
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representing  extremes  of  traffic,  may  serve   as  illustrations,  the  years 

given  being  fairly  representative  : 

Pran.  Cbu.. 

R.  R.  Col.  A  Au.        Av.  U.  S. 

lUj.  lUl.  ig&L 

Trains  per  day  each  nay  (main  line) 64.5  34  6.1 

Repairs  road-bed  and  track  (cts.  per  tiain- 

mile) 9.81  cts.  12.36  cts.  10.2  cts. 

Total  cost  of  train-mile 86,0     "  S7.5      "  91.0  " 


Table  41. 
Maihtbnancb  op  Way  Details. 

I>tdiiced  troiD  U.  S.  Ccnnu  of  iBSo.    Sh  ilu  pnccdioB  (able. 


ffS' 

ToulCoM 

Cow  RsrUM  ROAS-BU  ato 

^i^ 

^tl^. 

S-.S 

7.4 

9-3 
4-3 

3.22 

II.05 

o.gos 
0.715 
0.S8 
0.&08 
i.ai 

10.51 
10.13 

"Us 

13-63 

11-0  ctt. 

te74 

473 

6.07 

»o.9i 

11.33 

io.»m. 

•4S0 

le  row]  in  thi*  inull  t 


Middle. 

South. 

N.  W. 

S.W. 

Wnu 

10- u 

12    12 

12. 45 

13. S9 

13-63 

962. 

fo6l 

«382 

4.30 

3.07 

$I6B 

»g7 

$as 

«14H 

•98 

6.08 

$a69 

Sni 

%l^b 

$121 

»'39 

6.16 

s-03 

3.66 

%^^b 

$210 

(166 

*2I1 

»IS8 

22.06 

?I.05i 

fs". 

»63^ 

»749 

«6i9 

»o.90( 

$0,715 

to.  88 

«o.6o8 

Tie  renewals,  p,  c  . 

Per  mile 

BridRCS.       buildings, 
and  fences,  p,  c. . 


$450 
3-04 
$111 


$.96 
19-41 

^778 
$0.91 
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Table  42. 

Trumk-Lins   Maimtenanck  Expenses  in  Cents  per  Train-Mile  by 

Decades  for  34  Years. 


N.Y.CA  H.R. 

i860 

1870 

1S80 

1884 

Erie. 

i860 

1870 

x88o 

X884. 

PCOIML* 

i860 

1870 

1880. 

1884 

Bait.  &  Ohio.t 

\  OOOa   •••••• 

1870. 

1880 

Phil.  &  Read. 

i86a 

1870. 

i88a 

1883 


Miles 
Run, 
Thou- 
■andt. 


4»493 
".430 
16.654 

16,453 

3.475 
9.326 

11.452 
",305 

3.633 
10.185 

17,241 

21,491 

3.831 

7.941 

12,768 

1.853 
5.100 

7,799 
12,347 


SxpsNSBS  Pbk  Train-Mile. 
Maintenance  of— 


Way. 


cts. 
19.8 

39.8 
18.9 

24.8 

24.1 
39.6 
20.7 
18.2 

21.4 

30.1 

14.5 
15.8 

15.9 
26.3' 

18.3 

II. 2 
22.6 
26.3 
19. 1 


En- 
gines. 


cts. 
9.0 
9.8 
5.8 
5.3 

9.0 
14. 1 

5.1 

4.4 

7.7 
9.1 

7.2 
7.0 

6.8 
6.9 
9.4 

8.6 
8.6 
7.8 

7.9 


Cars. 


Cts. 
8.9 

15.4 
14.4 
10.3 

II. 7 

12.0 

8.0 

8.9 

8.2 
II. 7 
10.5 
II. 4 

8.7 

5-5 
20.6 

8.9 

13.5 
12. 1 

14. 1 


Total 
Rolling 
Stock. 


Cts. 

17.9 
25.2 

20.2 

15.6 

20.7 
26.1 
13. 1 
13.3 

15.9 
20.8 

17.7 
18.4 

15.5 
12.4 

30.0 

17.5 
22.1 

19.9 

22.0 


Total 
Ex- 
penses 

Per 
Train- 
Mile. 


Pbkcbntagbs. 


Cts. 

95.2 

122.2 

107.5 
108.6 

94.6 

"95 
108.5 

106.8 

99.3 
110. 6 

81.8 

81.8 

51.8 
68.8 
82.0 

78.6 
108.2 

117. 5 
117. 2 


En- 

Track. 

gines. 

20.8 

9.5 

32.6 

8.1 

17.6 

5-4 

22.8 

4.8 

25.5 

9-5 

30.5 

10.9 

19.0 

4.7 

17.0 

4.1 

21.5 

7.8 

27.2 

8.2 

17.7 

8.8 

193 

8.6 

30.7 

13. 1 

38.3 

10. 1 

22.3 

II. 5 

16.5 

10.9 

19.3 

7.4 

22.4 

6.7 

16.3 

6.8 

Can. 


9.4 
12.6 

13.4 
9S 

12.4 
9.2 

7.4 
8.3 

8.3 
10.6 
12.9 
13.9 

16.7 

8.0 

25.1 

II. 3 
II. 9 
10.3 
12.0 


^  PennsylTanta  Division  only. 


t  Main  stem  and  branches. 


In  Table  42  is  given  a  record  of  expenses  for  maintenance  of  way  on 
five  trunk  lines  for  the  past  ^  years.  In  this  table,  it  will  be  noted,  an 
enormous  expansion  of  train-mileage  has  occurred,  ranging  from  four-  to 
seven-fold,  while  yet  the  cost  of  maintaining  track  has,  on  the  whole, 
decreased  less  rapidly  than  other  maintenance  expenses.  There  has 
been,  on  each  of  these  lines,  a  considerable  expansion  of  track-mileage 
as  well  as  train-mileage,  but  this  increase  has  been  of  branches  only,  not 
of  main  line.  Therefore,  while  due  allowance  for  the  effect  of  this  greater 
9 
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trackage  would  reduce,  it  will  not  seriously  modify,  the  striking  contrast 
in  number  of  train-miles  per  year  shown  in  the  table,  in  spite  of  which 
maintenance  of  way  has  decreased,  by  comparison  with  other  items,  so 
little. 

In  the  following  table  (43)  the  experience  of  the  Pennsylvania  Railroad 
only  is  carried  back  ten  years  further — to  the  very  beginning  of  its  oper- 
ation, and  every  year's  experience  is  included,  the  years  being  averaged 
together  by  half-decades  to  eliminate  accidental  variations  and  shorten 
the  table.  In  this  table,  but  not  in  the  preceding,  fuel,  stores,  and  en- 
gine-wages are  included  with  repairs  of  engines  and  cars  in  the  single 
Item  "  motive-power  and  cars :" 

Table  43. 

Operating  Statistics  of  the  Pennsylvania  Railroad  (Main  Line  and 
Branches)  averaged  by  Half- Decades  from  the  Beginning  of  its 
Operation. 


Years 

avbragbd. 

Averafl^e  Miles 

Run. 

X  =  1000. 

Train  Load 

E.  only. 

Tons. 

Per  Cent  op  Total 

EXPBNDITURB. 

Per  Cent  of 
Maintenance 

Motive-power 
and  Cars. 

Maimenanoe 
of  Way. 

of  Way  to 

Motiv^jwwer 

and  Cars. 

1851-55... 
1856-60. . . 

1861-65... 

1866-70. .. 

1871-75-.. 
1876-80. . . 

1881-84... 

1,416 

2,934 

5.530 

8,766 

14.368 

16,182 

20,808 

IOI.6 

II0.6 

146.24 

158.88 

187.76 

251.32 

298.45 

42.3     * 

42.9 
48.1 

41.4 

38.2 

39-4 
41.7 

13.4 
23.7 
22.8 

27.2 

23.4 
18.4 
20.0 

31-7 

55.4 

47.5 
65.6 

61.3 

44.3 
48.0 

The  remarkable  showing  in  respect  to  the  growth  of  average  train-load  fiom  100  tons 
in  1851-5  to  300  tons  in  1881-4  ^s  worthy  of  special  note  in  this  table.  For  average  load  in 
both  directions  see  Table  33. 

The  drop  in  the  last  two  half-decades  i^the  effect  of  the  introduction 
of  steel  rails  ;  but  both  in  the  iron-rail  and  steel-rail  eras  it  will  be  seen 
that  the  tendency  of  cost  of  maintenance  of  way /^  irain^miU  is  to  in- 
crease faster  than  the  train  expenses  proper.  The  following  table  (44) 
brings  this  tendency  out  still  more  clearly : 
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Table  44. 

Comparative  Cost  of  Maintenance  of  Way  to  Repairs  of  Engines  ANt 
Cars  on  Each  of  the  Five  Lines  in  Table  42,  Cost  of  Repairs  op 
Engines  and  Cars  being  $1.00. 


!  N.  Y.  Cent. 

Erie. 

Penna. 

B.&O. 

P.  &R. 

Average. 

i860 

1870. 

1880. 

Z884. 

I. II 
1.58 
0.945 

1.59 

1. 16 

1. 51 

1.58 

1.37 

1.33 

1.45 
0.82 

0.86 

1.025 

2.12 

0.615 

-    •   •    • 

0.64 
1.02 
1.32 
0.87 

1.053 
1.536 
1.056 
1. 172 

Average. 

1.306 

1.405 

1. 115 

1. 915 

0.962 

1. 199 

The  contrast  in  the  proportionate  cost  of  maintenance  on  the  various  roads  is  in  part 
^ennine,  but  in  part  no  doubt  results  from  considerable  difference  in  what  items  are  in- 
doded  in  "maintenance  of  way"  or  of  cars  or  engines.  Less  pains  were  taken  in  this 
respect  than  to  have  the  comparison  of  one  year  with  another  correct  for  each  road  sepa- 
rately. 

The  last  column  of  this  table  is  the  most  instructive.  With  the  ex- 
ception of  1870,  which  was  an  abnormal  year,  it  will  be  seen  that  the 
tendency  of  maintenance  of  way  to  increase  in  relative  importance,  in 
spite  of  an  immense  growth  of  traffic,  seems  marked  and  clear. 

Table  45. 

Growth  of  Engush  Train-Mileage  and  Coal  Consumption  of  Engines 

Per  Mile. 


Train-miles  (i  =  1000)... .  \  J|^^ 
Increase  per  cent 

Engine-miles -j  Jg^^ 

Increase  per  cent 

Coal  burned,  lbs., per  train- (  1873 

mile \  1883 

Increase  per  cent 

Coal  t>arned,  lbs.,  per  en- j  1873 

gine-mile \  1883 

Increase  per  cent 


Great 

Eastern. 


8,932 

13.679 
52.0 

10,819 

17,077 

57.8 

41.65 
45.96 

10.35 

34.39 
36.81 

7.05 


Great 
Western. 


19.717 
31.128 

58.0 

22,778 

36,465 
60.3 

41.73 
37.69 

—  9.8 

36.12 

32.17 
-  10.8 


London,  B. 
&  So.  Coast. 


5.300 

7.986 

50.8 

6,208 

9*630 

55.2 

43.33 
37.07 
16.9 

36.99 
30.74 
20.3 


Midland. 


19. 811 

33087 

67.1 


57.18 
49.00 

14.3 


The  mileage  represented  above  is  5,221  miles,  or  only  a  trifle  less  than  one  third  of 
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that  in  Great  Britain,  and  is  fairly  rq>reaentatiTe  of  the  whole.    The  change  in  engine-^ 
and  train-load  is  given  only  for  the  Great  Eastern,  as  follows : 


First-Class  Gooos-Encinb,  Gkbat  Eastbkn 

Railway. 


Diameter  of  driving-wheels 

Cylinders 

Total  working  weight,  lbs 

Working  pressure 

Coal  Train: 

Consumption  per  mile 

Speed,  miles  per  hour 

Average  load 

Consumption  per  mile  with  average  load,  400  tons.. 


1873 

1883 

Percent 
increase. 

5  ft.  3  in. 

4  ft.  xo  in. 

8.6* 

i6H  K  »4 

X7^  X  a4 

xa.4 

70,700 

84,000 

3X.6 

140  lbs. 

140  lbs. 

•  •  •  • 

43.75  lbs. 

46.68  lbs. 

6.78 

X7-4 

ao 

X5.0 

398  tons. 

438HtODS. 

xo.a 

43.97  lbs. 

42.58  lbs. 

I>.  3  «7 

*  Increase  per  cent  in  power ^  due  to  decrease  of  drivers.  The  Uial  increase  in  power  of  the 
engine,  due  both  to  decrease  of  drivers  and  increase  of  cylinders,  then  becomes  x08.6xXx.xa4  s 
x.aax,  or  aa.i  per  cent  increase  ;  almost  exactly  equivalent  to  the  increase  of  weight. 

The  high  average  speed  of  English  trains  and  the  small  power  of  a  **  first-class  goods- 
engine"  compared  with  usual  American  practice  on  lines  of  heavy  traffic,  are  noticeable. 
The  tendency  of  switching-mileage  to  increase  comparatively  is  shown  in  this  table  to 
prevail  quite  as  strongly  in  England  as  here. 

The  above  figures  are  deduced  from  The  Engineer  of  Jan.  33,  1885,  which  paper,  how- 
ever, makes  some  very  erroneous  deductions  as  to  what  they  really  show,  pointed  mit  in 
the  Railroad  Gazette  of  Sept.  11,  1885,  by  the  writer. 


Train  Expenses. 
Fuel. 

126.  The  cost  of  fuel  per  gross  ton  on  American  railwa3rs  ranges  from 
a  minimum  of  $1.20  to  $1.50  on  roads  obtaining  coal  at  mines  on  their 
own  road,  to  a  maximum  of  $4.00  to  $5.00  at  the  least  favored  points 
east  of  the  Missouri  River,  and  in  some  cases  to  $6.00  or  more  at  points 
west  of  there. 

The  consumption  of  fuel  is  as  an  average  about  45  to  50  lbs.  per  mile 
run  for  heavy  passenger  trains,  running  down  sometimes  as  low  as  25  or 
30  lbs.  per  mile  for  light  passenger  trains.  A  passenger  engine  running 
light,  without  any  train,  burns  nearly  as  much  as  this,  or  from  20  to  50 
lbs.  per  mile.  A  heavily  loaded  freight  engine  of  the  "American"  eight- 
wheel  type  will  burn  almost  75  lbs.  per  mile,  a  heavy  "  Mogul"  about 
90  lbs.  per  mile,  and  a  **  Consolidation"  engine  from  100  to  120  lbs.  The 
weights  and  power  of  these  and  Pther  engines  will  be  found  in  Chapter 
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XL;  and  from  data  given  there,  in  connection  with  the  above,  it  appears 
that  the  average  consumption  of  fuel  increases  considerably  less  rapidly 
than  the  power  of  the  engine,  as  might  be  expected. 


Table  46. 

MOTTVX-POWKR  EXPBNSXS  PSR  TrAIN-MiLE  ON  VARIOUS  ENGLISH  RAILWAYS. 


MoTiTB-powss  BxnMsn  m  Dstaiu 


Engine  repairs — labor. . . . 
**  '*      —materials 

Total  engine  repairs. 

Wages,  engine  crew 

Fuel 

Water 

Oil  and  stores 

Repairs  shops,  etc 

Gas 

OiBce  and  general 

Total  motive-power.. 


Great 

Western 

Railwav, 

1869-70. 


16.74 


Great 

Southern  and 

Western, 

1875. 


cts. 

cu. 

cu. 

3.76 

2.82 

342 

2.46 

3.80 

2.78 

6.22 

6.64 

6.18 

4.66 

4.32 

3.84 

4.34 

6.61 

6.50 

0.42 

0.50 

0.32 

0.48 

0.66 

0.82 

0.12 

•   •   •   • 

.... 

O.IO 

0.32 

.  •  .  . 

0.40 

0.66 

0.20 

19.76 


Midland 

Great 
WestenHf 

X875. 


17.90 


The  above  is  from  a  paper  in  the  Transactions  of  the  Institution  of  Civil  Engineers, 
the  reference  to  which  the  writer  has  lost. 

127>  Several  newly  invented  types  of  compound  locomotive  engine,  having 
separate  high-pressure  and  low-pressure  cylinders,  are  being  extensively  intro- 
duced in  Europe  with,  it  is  said,  very  satisfactory  results.  If  we  may  judge 
from  what  has  already  taken  place  in  marine  engines,  it  is  probable  that  they 
will  eventually  come  into  general  use,  and  they  promise  a  considerable  reduc- 
tion of  fuel  consumption,  but  there  are  several  practical  disadvantages  with  the 
type  which  have  not  yet  been  fully  overcome — notably  a  difficulty  in  surting. 
The  burden  of  evidence  seems  to  be  that  the  coal  consumption  is  reduced  at 
the  rate  of  about  20  to  25  per  cent. 

The  consumption  of  fuel  on  English  railways  in  general,  however,  is  lower 
than  prevails  in  the  United  States,  although  very  much  less  so  than  commonly 
supposed.  It  was  reported  by  the  late  Howard  Fry,  in  a  paper  before  the 
Master  Mechanics*  Association,  at  from  26  to  35  lbs.  per  mile  run,  for  passenger 
service,  and  from  35  to  45  lbs.  per  mile  run,  for  freight  service  ;  but  the  follow- 
ing statistics,  which  have  been  compiled  by  the  writer  from  later  and  more 
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definite  sutistics  (Tables  45,  47,*  48,  49),  show  that  the  actual  difference  be- 
tween English  and  American  practice  is  less  extreme. 

It  is  unnecessary  to  enter  in  detail  into  the  causes  of  the  difference  in 
English  and  American  fuel  consumption.  The  fact  exists,  and  in  part  is  easily 
explainable,  by  a  difference  in  the  average  train-load ;  in  part  also,  doubtless,  to 
better  road-bed  and  alignments,  use  of  copper  fire-boxes,  and,  more  especially, 
greater  skill  and  care  in  firing.  The  longer  average  trips  of  American  engines, 
other  things  being  equal,  should  reduce  the  average  fuel  consumption.  The 
most  important  single  cause  is  probably  that  fuel  economy  is  subordinated  io 
America  to  hauling  heavier  loads,  as  it  ought  to  be,  whereas  in  England  heavy 
freight  trains,  or  what  would  pass  for  such  in  America,  are  the  exception. 


Table  48. 
Passenger-Train  Coal  Consumption,  Pennsylvania  Railroad. 


Ybak. 

Cars  Per 

Train. 

Coal  Pbb  Mils. 

Per  Car. 

TotaL 

1874 

1875 

1876 

1877 

1878 

1879 

1880 

18S1 

1SS2 

1S83 

18S4 

5.5 

5-3 
5.6 

5.10 

5.13 
5.29 
5.27 
5.01 

5.14 

4  95 
5.02 

9.0 

8.5 

8.3 
8.72 

8.43 
8.40 

8.76 
10.78 

9.61 
10.84 
10.67 

49-5 
45.1 
46.5 
44.5 
43.2 

44.4 
46.2 

54.0 

49.4 
53.7 
53.6 

The  last  column  is  not  gi^'^n  in  the  reports,  but  is  obtained  by  multiplying  together 
the  two  preceding  a^lumns. 

The  increase  of  iS^  per  cent  in  the  coal  burned  per  car,  notable  in  this  table,  is  un- 
doubiedly  the  price  paid  for  ihe  \'er>-  much  greater  average  wei^t  of  passenger  coaches, 
owin^  to  the  increasing  proportion  of  parlor-  and  sleeping-car  mileage,  and  the  much 
greater  a\"erai:e  spee^l. 

The  renns>  h  ania  has  been  selected  merely  because  its  statistics  are  most  convemently 
accessible.  It  is  in  no  respect  pre-eminent  either  in  increase  of  train^oad  or  in  low  fad 
ci>nsumption.  The  mo\-emer.i  toward  increase  of  train-load  began  on  the  Lake  Shwe 
^  Michigan  ivHitherri.  for  example.  se\-eral  >-ears  before  it  began  on  the  Penns^vania.. 
The  rhiladclphia  &  Ktwiinj:  mns  ab^^ut  5S  lbs.  per 


*  Table  4:  was  mitpUcevI  i-\  ma'<:n^  up  this  Pan,  hcoce  was  ositted  froa  the  toIq 
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Table  49. 
AvB&AGB  Freight-Train  Coal  Consumption,  Pennsylvania  Railroad. 


Coal  Burnbd  Per  Mils. 

No.  Can. 

Train-load 
Tons  Fr't 

Approx. 
Total  W't 

Ybab. 

Per  Car. 

of  Train; 

Per  Ton 

Per  Car- 

Per  Train- 

Tons. 

Freight. 

Mile. 

Mile. 

1874.. 

21. 1 

(6.5) 

327 

(.646) 

4.2 

88.5 

1875.. 

21.5 

(6.7) 

• . .  • 

(.627) 

4.2 

90.2 

1876. . 

22.2 

(6.9) 

.... 

(.609) 
(.585) 

4.2 

93.1 

1877.. 

22.92 

(7.1) 

. .  >  • 

4.15 

95.0 

1878.. 

25.06 

(7.3) 

1     a    .    . 

(.497) 

3.63 

91.0 

1879. . 

35-60 

7.55 

436 

.490 

3.70 

116. 7 

1880.. 

25.77 

8.18 

•       •       •       • 

•477 

3.90 

112. 0 

1881.. 

24.40 

8.68 

•       •       •       • 

.492 

427 

109.3 

1882.. 

24.55 

9.01 

•       •       •       • 

.494 

4.45 

104.3 

1883.. 

23.97 

10.28 

•       •       •        • 

.454 

4.67 

100.5 

1884.. 

25.66 

10.58 

566 

.430 

4.55 

99.2 

The  tons  freight  per  car  was  obtained  by  dividing  the  coal  consumption  per  car  given 
by  that  per  ton  ;  the  approximate  total  weight  by  assuming  the  average  car  to  have 
weighed  18,000  lbs.  (9.0  tons)  in  1874,  19,000  lbs.  (9.5  tons)  in  1879,  and  23,000  lbs.  (11.5 
tons)  in  1884 ;  the  coal  burned  per  train  by  multiplying  the  number  of  cars  by  the  coal 
per  car.     The  remaining  figures  are  direct  from  the  report. 

The  figures  in  parentheses  above  are  estimated,  not  being  given  in  nor  deducible  from 
the  reports ;  but  they  are  not  far  from  the  truth,  a  gradual  increase  of  average  car-load 
having,  as  is  well  known,  been  going  on  even  in  the  years  1874-9,  ^^'hich  has  gone  on 
much  more  rapidly  since.  One  of  the  chief  reasons  why  the  average  car-load  has  been  so 
small,  on  aU  the  American  east  and  west  trunk  lines,  has  been  the  enormous  dispropor- 
tion (more  than  3  to  i)  in  east-bound  to  west-bound  traffic.  The  increasing  coal  ship- 
ments westward,  to  a  considerable  extent  in  cars  coming  east  with  grain,  has  in  recent 
years  helped  much  to  decrease  this  disprop>ortion  on  some  roads  ;  so  that  the  increasing 
average  car-load  is  not  due  solely  to  increased  capacity  of  cars,  although  that  is  the  chief 


The  proportion  of  switching  is  very  heavy  on  English  railways,  the  ratio  of 
engine-miles  to  train-miles  being  almost  uniformly  as  high  as  125  to  100,  and 
in  some  cases,  as  high  as  177  to  100. 

On  German  railways  the  average  consumption  is  about  50  lbs.  per  revenue 
mile,  costing  about  six  cents. 

128.  The  cost  of  fuel  per  mile  run  can  be  calculated  from  the  above 
data  for  any  particular  line.  In  absolute  cost,  it  is  by  far  the  most 
variable  element  in  the  running  expenses  of  railways,  but  its  percentage 
to  the  other  expenses  is  considerably  less  variable,  owing  to  the  fact  that 


Ik 
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the  same  causes  which  make  fuel  more  expensive,  also  increase  the  other 
expenses  to  a  considerable  extent.  The  total  average  cost  per  mile  for 
all  trains,  according  to  railway  reports  at  the  present  time,  varies  from 
5  cents  as  a  minimum  (on  the  Pennsylvania  Railroad),  to  about  10  cents 
in  Massachusetts  and  12  cents  on  the  Pacific  railways.  There  are  a  few 
roads  in  the  Rocky  Mountain  region  on  which  the  reported  cost  runs 
still  higher  than  this — up  to  as  much  as  20  cents ;  and,  on  the  other  hand, 
there  are  a  few  specially  favored  roads  on  which  the  cost  runs  still  lower— 
down  to  4  or  even  3  cents :  but  these  latter  phenomena  are  mostly  due  to 
exaggerating  the  actual  train-mileage  with  fictitious  allowances. 


Table  50. 
Effect  of  Length  of  Train  on  Coal  Consumption. 

[Comparative  Coal  Consumption  with  Light  and  Heavy  Panengcr  Tniii»->Bfichigma  Central 

Railroad.] 
Light  Trains. 


No.  of 

Av.  No. 
Cars 

Handled. 

Coal  Consumption,  Per  Mils. 

Per  Cent 
Correctton 
for  Temp. 

Corrected 

Round 
Trips. 

Min. 

Max. 

Av. 

Lbt.Coal 
Per  Mile. 

3 

3 

2 

I 

5 

5i 
6 

6i 

58. 

55.5 
62.1 

•    •   •    • 

67. 
65.5 

60.7 

•    •   •   • 

62.3 
61. 
61.4 
48. 

21.4' 
19. 7' 
31.2' 
40. 8* 

-4.3 

-5.15 
-1-0.6 

+  5.4 

59.62 
57.86 
61.77 
50.60 

9 

5.56 

58.5 

64.4 

60.0 

25.2* 

-2.4 

58.56 

Heavy  Trains. 


2 

7i 

74  6 

I 

8 

•   •   •   • 

7 

8i 

71.8 

2 

9 

81.6 

3 

9i 

73.6 

I 

Hi 

•   •  •   • 

16 

8.78 

75-4 

84.0 

•  «  •  • 

87.0 
87.1 

79-3 


84.4 


79 

78 

79 

85 
77 
75 


3 
6 

4 

4 

3 
o 


22.9* 

33-1' 
29.5' 

36.3" 
44.2" 
27.0' 


79-3 


32.4 


—  3.55 

+  1.55 

—  0.25 

+  3.15 
4-7.10 

—  1.50 


-I-I-20 


77.07 
79.82 
79.20 

88.10 
82.80 
73.88 


80.25 


Note. — The  averages  of  maximum  and  minimum  are  mere  arithmetical  averages  of 
the  figures  given.  In  the  last  column  the  total  coal  consumption  was  divided  by  the 
total  mileage  to  get  the  average. 

All  these  trains  made  frequent  stops  ;  30  in  115  miles,  or  about  one  every  four  miles. 
Speed  not  given  ;  probably  over  30  miles  per  hour  maximum  between  stations. 
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Tha  oorracdon  for  temperature  is  by  a  rule  deduced  by  the  writer  from  records  cover- 
ing many  millions  of  train-miles,  that  the  effect  of  differences  of  temperature  alone^ 
length  of  train  and  all  other  conditions  being  equals  is  to  increase  or  diminish  coal  con- 
sumption at  the  rate  o/O^JLper  cent  for  each  two  degrees  Fahrenheit  (and  a  small  frac- 
tion more)  difference  of  external  temperature :  a  rule  easily  remembered  and  one  which 
appears  to  apply  fairly  well  to  both  passenger  and  freight  service,  and  to  be  practically 
invariable  whenever  the  effect  of  all  other  causes  for  variation  can  be  eliminated. 

Since  the  effect  of  increasing  the  average  length  of  train  from  5.56  to  8.78  cars,  or  3.2a 
can,  is  shown  above  to  increase  coal  consumption  from  58.56  to  80.25  lbs.  per  mile  run, 

or  ai.69  lbs.,  or  at  the  rate  of  -— ? ^  =  6.736  lbs.  per  mile  per  car,  we  have, 

3.aacars  ^^        r  1  1  i 

Lbs.  coal 
per  mile. 

For  the  long  train,  burning, 80.25 

Consumption  due  to  cars,  8.78  x  6.736  =     ......••    59.14 

Leaving  as  due  to  the  engine  alone,  without  cars, 21. 11 

For  the  short  train,  burning, 58.56 

Coal  consumption  due  to  cars,  5.56  X  6.736, 37-45 

Leaving  as  due  to  engine  alone,  without  cars,  as  above,      .    .    21. 11 

This  result  agrees  closely  with  what  direct  experiment  has  shown  to  be  the  consump- 
ticm  of  heavy  passenger  engines  running  light.  Mr.  Reuben  Wells  some  years  ago  made 
a  test  of  a  light  passenger  engine,  14  x  22  cylinders,  running  108  miles  with  six  stops  at 
93  miles  per  hour,  and  losing  about  one  sixth  of  its  time  only  in  stops,  with  a  consump- 
tion of  only  i8^  lbs.  per  mile,  and  this  test  was  in  warm  weather.  Allowing  for  the  dif- 
ferences of  weather,  sise,  and  number  of  stops,  the  correspondence  is  close,  and  other 
tcsu,  which  need  not  be  referred  to  in  detail,  have  shown  from  20  to  30  lbs.  Mr.  Wil- 
liam Stroudley,  Mechanical  Superintendent  of  the  London,  Brighton  &  South  Coast  Rail- 
way, alleges  in  a  paper  before  the  Institution  of  Civil  Engineers  (1885),  that  a  heavy  pas- 
senger engine  was  run  light  between  London  and  Dover  with  a  consumption  of  only  7  lbs. 
per  mile.  As  the  distance  is  only  a  little  over  50  miles,  however,  and  the  quantity  stated 
woald  amount  to  only  a  few  inches  over  the  bottom  of  the  fire-box  of  20  square  feet,  or 
barely  as  much  as  the  same  record  shows  was  habitually  used  to  get  up  steam,  there  is 
probably  some  error  in  this  estimate. 

The  best  existing  direct  evidence  on  the  effect  of  length  of  train  on  coal  con- 
samption  is  given  in  Table  50.  There  is  considerable  diflSculty  in  obtaining 
records  of  this  kind,  in  which  a  series  of  trains  of  widely  varying  lengths  are 
mn  with  all  other  conditions  approximately  identical.  The  correctness  of  the 
restilt  reached  in  Table  50  may  be  tested  by  grouping  the  various  single  records 
differeotly^-a  test  which  should  never  be  omitted  in  computations  of  this  kind, 
since  it  will  often  be  found  that,  when  grouped  in  one  way,  the  records  will 
appear  to  lead  to  one  conclusion,  while  if  grouped  in  another  way  they  will 
indicate  sonaething  quite  different. 

Tested  in  this  way,  the  correctness  of  the  preceding  conclusions  is  confirmed. 
If,  instead  of  averaging  the  single  tests  together  in  only  two  classes,  of  "light" 
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and  **  heavy"  trains,  we  divide  the  25  tests  as  tabulated  abov«  into  four  equal 
groups  of  six  tests  each,  as  nearly  as  may  be,  and  see  how  well  the  rule  deter- 
mined beneath  the  table  (lbs.  coal  per  mile  =  21. 1 4-6.74  X  No.  of  cars)  checb 
with  the  actual  coal  consumption,  we  find  a  close  correspondence,  as  follows: 


No.  of 
Round  Trips 

Caks  per  Train. 

Pounds  Coal  Pbk  Mils. 

Averaged. 

Range. 

Averages. 

Actual.* 

Compated. 

6 
6 

7 
6 

5  to     6 

6  to     8 
8     to     9 
8i  to  \\\ 

5.25 
6.92 
8.50 
9.67 

58.74 
68.02 
79.40 
83.08 

56.5 

67.7 
78.4 

86.3 

—  2.24 

—  0.32 

—  I.OO 

+  3.22 

*  Actual  consumption  after  correcting  for  difference  of  tempemture. 

The  correspondence  of  the  results  under  this  entirely  different  grouping  is 
surprisingly  close,  indicating  that  the  whole  series  of  tests  do  clearly  conform 
to  one  general  law,  but  also  indicating  that  the  addition  to  the  fuel  consump. 
tion  is  not  precisely  uniform  per  car,  but  decreases  as  the  train  is  longer,  as  is 
but  natural. 

Having  determined  a  law  for  experiments  on  a  small  scale,  we  may  check  it 
by  records  on  a  large  scale,  which  latter  do  not  otherwise  afford  the  means  of 
determining  the  law.  The  Pennsylvania  Railroad,  alone  among  American  rail- 
ways, publishes  a  table  showing  the  coal  consumption  per  car-mile  and  per 
train-mile,  and  the  number  of  cars  per  train  for  every  month  in  the  year.  As 
an  average  of  the  four  years  1881-84,  the  average  passenger  train  and  passenger 
car  coal  consumption  on  each  of  its  three  grand  divisions  was: 


Pennsvlvania  RR.  Div 

U.  RR.  N.  J.  Div 

Phila.  &  Erie  Div 


Cars  Per 
Train. 


5.03 
4.70 
4.20 


Pounds  or  Coai>— 


Per  Car- 
Mile. 


10.47 
12.60 
12.  ZO 


PerTraia- 
MUe. 


52.7 
59.2 
50.8 


Computing  what  ought  to  be  the  coal  consumption  per  mile  according  to  the 
rule  of  Table  50.  and  comparing  it  with  what  is,  we  have  the  following: 


COMPITBD  Coal  CoNSfMKTlON. 

Pounds  per  Train-Mile. 

Actual. 
Pounds 

per 
Train- 
Mile. 

Brbor  in  Fokmola. 
4- or-. 

Due  to 
Engine. 

7."VJ°    i     Total. 

.  Pounds. 

Percent 

Penna.  RR.  Div 

U.  RR.  N.  J.  Div 

Phila.  &  Erie  Div 

21. 1 
21. 1 
21. 1 

33-9         5S.O 
31.7     ,     52.8 
2S.3         49-4 

52.7 
59-2 
50.8 

+  2.3 
-6.4 
-  «.4 

+    4.4 

—  10.8 

-  2.S 
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The  correspondence  here  is  close,  if  we  remember  that  the  Pennsylvania 
DiTision,  while  making  fewer  stops  than  the  Michigan  Central  train,  whose 
record  was  used  in  table,  has  a  large  proportion  of  heavy  sleeping-cars,  while 
the  New  Jersey  Division  not  only  has  a  large  proportion  of  parlor-  and  sleeping- 
cars  on  through  trains,  but  makes  an  enormous  number  of  stops  on  way  trains, 
both  into  New  Jersey  and  into  Philadelphia. 

129.  The  conclusion  is,  therefore,  not  unfair,  that  something  like  6^ 
to  6|  lbs.  of  coal  per  mile  is  added  to  the  consumption  for  each  passenger 
car  of  20  tons  or  more  moved  at  way-train  speed,  and  for  each  sleeping- 
car  of  50  tons  or  more  moved  in  through  trains  making  few  stops,  and 
that  the  locomotive  alone  is  to  be  charged  with  rather  more  coal  than 
that  due  to  three  cars. 

This  leads  to  the  conclusion  that  dead  weight  to  the  amount  of  30  tons  added 
to  a  train  of,  say,  five  cars,  will  certainly  not  increase  coal  consumption  as  much 
as  to  add  another  car,  both  because  it  does  not  increase  air  resisunce,  and  be- 
canse  the  added  load  decreases  somewhat  the  rolling  resistance  per  ton.  If  we 
assiune  it  to  add  5  lbs.  per  mile  to  the  coal  consumption,  we  are  certainly  not 
underestimating  it  proportionally.  Adding  6  tons  per  car,  therefore,  to  the 
average  weight  of  a  train  of  five  passenger  cars  means  no  more  than  an  in- 
crease from  55  to  60  lbs.  per  train-mile.  If  we  assume  this  5  lbs.  of  coal  to  be 
worth  one  cent  (at  the  rate  of  (4  per  ton  of  2000  lbs.  for  coal),  if  an  extra  pas- 
lesger  at  3  cents  per  mile  be  attracted  to  the  train  every  third  trip  he  will  pay 
for  the  loss  of  fuel  due  to  adding  6  tons  to  the  weight  of  every  passenger  car — 
which  goes  a  little  way  toward  explaining  the  tendency  to  increase  weight  for 
the  sake  of  luxury,  which  seems  so  reckless.  This  appears  to  neglect  the  effect 
of  the  extra  weight  on  grade  resistance,  and  so  in  a  sense  it  does,  as  well  as 
many  other  effects,  but  not  so  much  as  it  appears  to,  since  the  effect  of  gradients 
is  included  in  the  records  which  we  have  used. 

The  use  of  wood  for  fuel  is  rapidly  passing  out  of  date  in  all  parts  of  the 
United  States.  About  i^  cords  of  good  hard  wood  (a  cord  being  4X4X8  feet, 
or  138  cubic  feet,  and  weighing  from  3200  to  3600  lbs.  when  well  seasoned)  is  usu- 
ally taken  as  equal  to  one  long  ton  of  coal.  Inferior  woods  will  average  from 
two  down  to  even  three  cords  of  wood  equal  to  one  ton  of  good  coal,  but  some 
of  the  poorer  Western  coals  will  evaporate  only  half  or  two  thirds  as  much  as 
good  titnminous  or  anthracite. 

REPAIRS  OF  ENGINES. 

13CL  The  fall  in  the  cost  of  this  item,  of  late  years,  has  been  very  rapid,^ 
but  it  is  probably  now  at  about  its  minimum,  unless  and  until  some  new 
pcocess  of  manufacturing  steel  and  iron  shall  materially  reduce  the  cost 
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of  the  raw  material,  especially  in  shapes.  For  this  purpose  solid  steel 
castings  in  lieu  of  forgings  seem  to  be  already  on  the  verge  of  coming 
into  general  use. 

The  table  (51)  on  pp.  140  and  141  shows  the  cost  of  engine  repairs  per 
engine-mile  on  the  Pennsylvania  Railroad  for  a  long  series  of  years,  and 
sufficiently  illustrates  the  general  tendency  of  the  cost  of  this  item;  the 
table  showing  however,  it  must  be  remembered,  nothing  more  than  the 
cost  of  labor  and  materials  directly  applied  to  repairs  and  renewals  proper, 
without  including  any  allowances  or  charges  for  repairs,  and  renewals  of 
tools,  shops,  machinery,  and  other  items,  for  which  see  Table  57  and 
others.  The  figures  given  are  in  all  cases  for  what  is  now  known  as  the 
Pennsylvania  Railroad  Division,  excluding  the  later  acquisitions  of  the 
Philadelphia  &  Erie  Railroad,  and  United  Railroads  of  New  Jersey. 

131.  From  the  above  table  it  appears  that  the  cost  per  mile  on  the 
Pennsylvania  Railroad,  at  the  present  time,  is  from  5  to  6  cents  for  engine 
repairs  proper,  and  this  may  be  considered  the  minimum  under  the  most 
favorable  circumstances,  on  roads  having  a  heavy  traffic  and  convenient 
to  the  great  iron  and  coal  centres.  Many  roads — perhaps  most  roads— 
show  a  lower  average  than  this ;  but  such  a  result,  when  it  continues  for 
more  than  two  or  three  years,  is  very  apt  to  be  one  of  the  before-men- 
tioned miracles  of  bookkeeping,  based  upon  running  an  unusually  large 
mileage  in  the  general  office. 

132.  The  Massachusetts  roads  average  about  5^  cents — a  surprisingly 
low  average  for  that  region  of  the  country,  but  doubtless  very  nearly 
correct.  It  may  be  explained  largely  by  the  greater  proportion  of  pas- 
senger trains  (more  than  one  half  the  whole,  as  against  about  one  fourth 
in  the  remainder  of  the  country),  and  also  by  the  fact  that  a  very  exces- 
sive proportion  of  the  freight  traffic,  as  compared  with  the  rest  of  the 
country,  is  mere  way  business  with  light  loads.  A  densely  settled  region 
will  of  necessity  reduce  the  average  train-load  heavily  in  this  way. 

133.  Under  unfavorable  conditions,  the  estimate  of  engine  repairs  must 
be  considerably  increased  from  these  figures,  but  by  how  much,  as  a 
maximum,  is  extremely  difficult  to  determine.  The  Union  Pacific  Rail- 
road reports  repairs  of  engines  at  about  7  to  8  cents  per  train-mile,  which 
is  among  the  highest  reported  costs  at  the  present  time ;  and  3ret,  except 
for  the  one  disadvantage  of  locality,  it  is  under  exceptionally  favorable 
conditions  for  a  low  cost  in  this  item,  its  engmes  not  being  heavy  and 
its  grades  very  lip:ht,  its  divisions  very  long,  and  its  traffic^quite  light  for 
a  trunk  line— almost  entirely  long  haul,  and  moved  at  a  slow  speed. 
From  5  to  8  cents  may  be  considered  as  about  the  present  average,  for 
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all  classes  of  engines,  on  roads  with  sufficient  traffic  to  have  proper  facili- 
ties for  economy  in  shop  work.  Wages  do  not  vary  widely  in  any  part  of 
the  United  States,  and  no  causes  exist  for  very  wide  fluctuations  in  this 
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Firtt,  BccuuB  the  Bifiim  were  entlielj  new  at  the  beginning  of  (he  recocd,  and 
■tthoDcb  Ibe  reoord  tattn  MnDcthing  ova  half  Ihe  average  mileage-life  of  a  locomotive 
<wlkkh  lomf  be  Uka  n  600,000  to  800,000  miles),  ret  the  latter  half  of  its  mileage-liCe 
flodiidiiig  COM  of  rcnewaQ  would  avenEe  three  (o  (our  limes  ax  high  as  Ihe  first  half ; 

Stcomdij,  and  eqnallj  iaipiMtanl,  Because  ol  the  very  heavy  mileage  duly,  which  is  at 
leait  three  times  the  avenge  of  American  passeager  engines,  and  four  to  six  limes  Ihe 
average  of  Enropaui  enginci.  Tbn  heavily  reduces  the  expenses  arising  from  frequent 
aMl>ng-o0  of  the  cnitec     Compart  He/Blloaing  Tabit  jj. 
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Table  53. 

Engink  Repairs  Per  Mils  Run,  in  Dbtail.  1S6S-1S73. 

Indudine  heth  Rifairt  and  Renewalt.    Gt  So.  &  W.  R7.  ot  Ireland  {1866-75)- 
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134.  Repairs  of  course  vary  materially  with  the  class  of  engine,  and  it 
would  be  quite  impossible  to  give  exact  statistical  evidence  on  this  point 
which  couid  be  regarded  as  satisfactory.  It  may  be  estimated,  however, 
with  a  very  considerable  degree  of  certainty,  as  follows : 

About  one  eighth  of  the  cost  of  engine  repairs  is  for  repairs  of  tender, 
which  is  of  course  substantially  the  same  for  any  class  of  engine.  The 
remaining  cost  is  almost  equally  divided  between  material  and  labor,  as 
will  appear  from  Tables  52-53-55-56-  The  cost  of  the  labor  is  but  very 
slightly  affected  by  the  weight  of  the  engine  and  its  various  parts,  al- 
though it  is  so  affected  to  some  extent.  The  cost  of  material  will  be 
nearly  in  accordance  with  the  weight,  but  not  fully  so,  many  of  the  more 
expensive  paris  being  substantially  the  same  on  all  engines.  If,  therefore, 
we  say  that  half  the  total  cost  of  engine  repairs  (including  the  tender) 
varies  with  the  weight,  and  half  is  independent  thereof,  it  will  probabljr 
be  very  nearly  exact,  ior  engines  engaged  in  the  same  service,  and 
equally  well  adapted  mechanically  for  that  service.  There  is  no  evi- 
dence whatever  that  the  heavier  class  of  engines  suSer  materially  in  wear 
and  tear  from  their  diSerence  in  proportion  and  design. 
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Table  94. 

DiTAiLS  AS  TO  Cost  of  Locomotive  Repairs. 
Cost  Per  Train-Mile  of  Labor  and  Material. 


Knclum  Railwats, 
Average,  186^-75. 


Loadoa  ft  Northwestern 

Midland  

Great  Northern 

Gteat  Western 

Lancashire  ft  Yorkshire 

Gt.  Southern  ft  W.  of  Ireland.. 

Average 

FasNCH. 

Paris  ft  Orieans,  187$. 

Lyons  ft  Med.,  1865-74. . . 


PansiAN  Railways,  1874. 

State  Railways 

Stttc  Control  Railways , 

Private  Railways , 
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percent 
in  No.  of 
Engines. 


l.'x 
4a. a 

47a 
15.0 


36.4 


Labor. 


cts. 

a. 65 

13 

.86 


3 
3 
3 
3 


:i 


3.«3 


X.70 
a. 00 


Labor. 


R*d  H^se.  General. 


0.58 

1.; 

o. 


x.xo 
X.16 
X.03 


Ambrican  Railways. 


Phila.  ft  R*g  (1869-75),  repairs  only. 


(1869-75),  renewals  only 

(1876-80),       •*        (approx.). 
total  rep* rs and  renUs  ('69-75). 

C76-80). 


3.90 

'•? 
o.8x 

0.60 
a. 98 


Mate- 
rial. 

Total. 

Per  cent 

of 

Labor. 

cts. 

cts. 

% 

3.10 

6.X4 

49.6 

3.10 

5-75 

46.0 

3.ao 
3.58 

6.4X 

48.7 

6.44 

60.x 

3-34 

6.39 

47.6 

3.8a 

6.90 

44.6 

3. ax 

6.34 

49-3 

a.3« 

4.0a 

4a. 4 

a-83 

4.83 

4X.6 

x.70 

3.38 

50.0 

X.98 

4.47 

55-5 

0.97 

a. 80 

65.4 

a  94 

6.84 

f«-l 

X.93 

4.3« 

x.aa 

a. 03 

(40.) 

0.00 

1.5 

(40) 
(S3.) 

4.16 

8.87 

a. 83 

6.81 

(58.4) 

Av.  Total 
Cost  Re- 
pairs for 
31  preced- 
ing yrs., 
X849-69. 


6.90 

713 
5.87 
6.73 

5.36 


6.40 


For  further  notes  as  to  ratio  of  cost  of  labor  to  material,  see  Index. 

None  of  these  figures  include  shop  and  general  charges,  maintenance  of  machinery, 
draughtsmen,  policing  shops,  etc.,  which  run  about  50  p>er  cent  or  over  of  labor 
aooonnt  on  neaiiy  all  railways. 

These  statistics  are  supposed  to  be  all  per  train-mile.  The  ratio  of  engine-miles  to 
train-miles  on  English  railwajrs  is  about  as  135  to  xoo— sometimes  even  177  to  loo-  The 
same  holds  nibstantially  true  of  American  railways,  reported  statistics  being  generally 
computed  per  «i»^Mf#-mile.  A  deduction  of  15  to  20  p>er  cent  from  the  total  cost  of  engine 
repairs  per  train-mile  will  give  the  cost  excluding  switching-engines,  which  cost  much  less 
per  mile  for  repairs  than  others,  00  most  roads. 
10 
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Table  55. 

Engine  Repairs  and  Renewals  in  Detail— Gt.  So.  ft  W.  Railway  of 

Ireland  (1866-75). 

Cents  Per  Train-Mile. 


Itbms. 


Boiler 

Smoke-box,  etc . . . . 
Wheels,  frame,  etc 

Machinery 

Mountings 

Painting 

Toul  Engine. . . . 
Tenders 

Total 

Percentages 


Labor. 

Materials. 

Grand 
Total. 

Re. 

newals. 

Re- 
pairs. 

Total. 

Re- 

newals. 

Re- 
pairs. 

TotaL 

cu. 
.134 

cts. 

(.30a) 

cu. 

.436 

cu. 
.656 

cu. 
.990 

cu. 
.946 

1.38a 

.118 

(.04) 

.153 

.09a 

.053 

•X44 

.996 

.118 

(.30) 

.418 

.574 

.518 

1.093 

1.5x0 

.«58 

(.75) 

1.008 

.xgo 

'VH 

.694 

1.70a 

.05a 

(.10) 

.153 

•X54 

.118 

.•79 

•4*4 

.030 

(.10) 

.130 

'   .058 

.060 

.118 

.948 

.704 

i.59» 

S.396 

X.794 

1.54a 

3.366 

5.56a 

.098 

.386 

.384 

.399 

.380 

•57« 

.956 

.809 

1.878 

a. 680 

3.016 

x.8aa 

3.838 

6.5x8 

X3.3 

38.8 

4».o 

3X.0 

a8.o 

59.0 

100.0 

Per. 
cent- 


ax. a 

4.5 

83.9 

a6.x 
6.5 
3.8 


85.3 

«4.7 

xoo.o 

Credits  for  old  material  (amounting,  on  repairs,  to  .96(^  cent ;  on  renewals,  to  .  192 
cent — total,  .456  cent)  are  to  be  deducted  from  this  table  for  net  coft,  probably  about 
in  the  proportion  of  two  thirds  for  old  brass  in  boiler  and  one  third  for  other  parts. 

Proportion  0/ renewals  to  repairs  about  normal,  for  general  practice. 

The  labor  on  repairs  is  an  approximate  distribution  where  given  in  bradcets,  otherwise 
the  distribution  is  exact. 

Round-house  repairs  constitute  over  thirty  per  cent  of  the  labor  00  lepain  proper,  or 
.616  cent  j)er  mile. 

Under  these  assumptions  we  are  led  to  the  conclusion  that  engines  of 
the  Consolidation  type  will  cost  about  25  per  cent  more  per  mile  run  than 
the  eight-wheel  "  American"  engines,  or  say  61  cents  under  the  most 
favorable  circumstances  for  repairs  and  renewals  proper.  Heavy  Mogul 
or  ten-wheel  engines,  similarly,  will  cost  about  one  tenth  to  one  eighth 
more.  This  estimate  is  entirely  consistent  with  the  as  yet  fragmentary 
and  imperfect  records  of  experience,  but  the  latter  do  not  exist  in  suffi- 
cient abundance  to  say  that  in  themselves  alone  they  prove  anything. 

See  foot  of  page  148. 
Note  to  Table  57. — The  American  statistics  (and  not  the  Eng^Ush)  show  the  cost 
per  revenue  train-mile  of  all  engines,  including  switching. 
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Table  56. 

EnGINX    RXPAIIS  AND    RXNXWALS,    PARIS    &    ORLEANS    RAILWAY  OF  FrANCB 

(1865-75). 


Labor. 

Matxrials. 

Total, 

Grand 

Re. 

ncwals. 

Re- 
pairs. 

Re- 
newals. 

Re- 
pairs. 

Re- 

newals. 

Re- 

pairs. 

Toul. 

Engines 

.130 
.040 

.842 
.370 

.342 
.106 

1.238 
.540 

.472 
.146 

2.080 
.910 

2.552 

Tenders 

1.056 

Total  repairs  proper 

.170 

1. 212 

.448 

1.778 

.618 

2.990 

3.608 

Tools  and  machinery 

Clerks  and  sreneral 

.074 
.248 

.094 

•    ■   •   • 

.168 
.248 

.168 
.248 

Total  all  repair  expenses. . 

1.704 

2.320 

4.024 

4.024 

proportion  of  renewals  to  repairs  in  this  table,  and  in  less  degree  the  cost  of  re- 
V  is  stated  to  be  unduly  low,  as  appears  certain  from  the  figures. 

Table  S7. 

Total  Cost,  by  Itbms,  of  Motive-Power. 
Cents  Per  Train-Mile. 


Amkrican. 

Av.  of 

U.S. 

Census. 

x88o. 

English. 

Penna. 
R.R. 

1879-83. 

L.S.* 
M.S.Ry 
1873-81. 

Mass. 

RRs. 

X878-81. 

Gt.  W.  Ry. 

X869-76. 

Gt.  So. 
AW. 

1875. 

Midi. 
Gt.  W. 

X875. 

Kn£iu€  1 

Vagu 

5.450 

5.787 

7.0 

4.66 

4.3a 

384 

Fm4i 

Coal 

Wdbd 

4.705 
.333 

[8.85 

X0.94 

8.4 

4.34 

6.61 

6.50 

M»int. 

Repair*  freptr 

Mt.  shops 

5.9«o 

.6l3 

.435 
1.7x5 

•»33 

5.0x5 

5.0a 

• 

'5.6 

j  Lab.  3.76 

1  Mat.3.46 

0.33 

V          0.40 

3.83 
3.80 
0.33 

0.66 

3  ♦» 
3.78 

LSC9. 

**   tools  and  mach*y 
Clean*g  and  polic*g 
Watchmen 

.35 

0.30 

St0re8, . ' 

roii 

ITallow 

.955 
.359 

.133 

.053 
.358 

-   .33 

■    .xo 

'X.XX 

•I.O 

0.48 

0.66 

Waste 

0.83 

Other  stores 

LLoc.  fixtures 

W^er    i  Expenses 

Sm/p/y  1  Maintenance 

.603 

.368 

.6 

'  0.6  • 

0.43 

0.50 

0.33 

Gen'i. . .  •« 

Taxes 

•415 

Station^rv 

1  Incidentals 

/>/«/  Mi 

*tivt-p^wtr 

3X.938 

33.6 

X6.74 

X9.76 

17.90 
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Table  58. 
Cost  op  Motive- Power  and  Cars  on  Twenty  Engush  Railways. 


soLpftrgett 
Corponuiont. 

4  Largest 
Corporatioat. 

Ma«t. 

X878-8X. 

No   of  locomotives 

11.005 
33.203 

335,158 
17.064 

6. 118 

14.902 

171.431 
16,520 

No.  of  carriaflTcs 

No.  of  wafiTons 

Av.  mileage  per  year  per  engine 

Cost  of  workinir 

12.46  Cts. 
6.17  •• 

12.94  Cts. 
6.90  '• 

**      eniirine  reoairs 

Total  motive-power 

18.63  cts. 

19.84018. 

Cost  of  carriacre  reoairs. ........  .... 

2.58  cts. 

3.88  " 

3.28  Cts. 

3.98 " 

**      wafiTon         **       

Total  cost  Iocs,  and  cars 

25.09  cts. 

26.10  cts. 

Cost  oer  en&rine..  )               ( 

$1,086 

133 
23-41 

$1,148 
160 

20.80 

$1,108 
370 
55.40 

*'         carriasre  >     *^        < 

"         wairon..  )    ^          f 

English  carriages  and  wagons  may  be  considered,  without  important  erxor,  to  havt 
half  the  weight,  capacity,  and  cost  of  American  rolling-stock.    See  Index. 

In  answer  to  inquiry  as  to  experience  and  practice  with  Consolidation  en- 
gines on  the  Pennsylvania  Railroad,  the  writer  was  informed  as  follows  by 
Mr.  T.  N.  Ely.  Supl.  of  Motive-Power: 

"  I.  Consolidation  locomotives  are  not  much  harder  on  curves  than  other 
locomotives,  we  think. 

"  2.  The  comparative  cost  of  repairs  per  hundred  miles  between  a  Class  I 
locomotive  (Consolidation  type)  and  a  Class  D  (ten-wheel)  locomotive  is  about 
as  follows : 

"Class  I, 4.87 

''Class  D, 4.50 

Difference, 0.37 

or  nearly  eight  per  cent  against  the  Class  I." 

This  percentage  of  difference,  although  founded  on  much  experience,  must, 
it  would  seem,  somewhat  underrate  the  normal  difference. 

Passenger  engines,  as  a  general  rule,  cost  about  twenty  per  cent  less 
/or  repairs  than  freight  engines,  or  about  four  cents  per  mile  under  the 
most  favorable  conditions. 
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Table:  59-60. 
Minor  Details  as  to  Locomotive  Repairs. 


Dgtail  itemu.  Gt.  S. 
k.  W.  Ry.,  Ireland. 

Cbmts  Per  Train-Mils. 

Detail  items,  Gt.  S. 
.    &  W.  Ky.,  Ireland. 
1    (Condensed  in  pre- 
ceding uble.) 

Cknts  Pbr  Train-Miui. 

(Condensed  in  Ta- 
ble 55  ) 

1 
Rep^rs. 

Ren*ls. 

ToUl. 

Rep*rs. 

RenMs. 

Total. 

Copperplates  

suys 

tubes 

Fire-bars  and   brick 

.05a 
.oao 
.06a 

.xa8 
.oa8 

.x6a 

•034 
.aoo 

'  .360 

.ax4 

.416 

Mountings 

.xx8 

•«54 

.37a 

Clothings  fainting, 
ttc 

.060 

.058 

.1x8 

arch 

Boiler  sundries 

Totol  Engine 

x-54a 

X.734 

3.366 

.656 

.946 

Total  B9il€r 

.390 

Tender 

.a8o 

.393 

.57a 

.05a 

.09a 

•  M4 

Sm0jke-h0jc  and  put- 
y0nm 

Engine  and  tender. . 

X.823 

X.870 

3.838 

Wheels 

A*k»....^ 

'Tires... 

-  •  •  •          •  • 

.x(54 
.ia8 

.138 

.063 
.093 

.X64 
.343 
.326 
.300     { 
.x6o 

."Lew  credits 

.364 

.193 

.456 

fP^^W 

Sundries 

Labor  acct.^  as  distributed  in  detail  to  gen- 
eral items  in  Table  55: 

.518 

•574 

1.093 

Total  Running Cr 

Labor,  r*d-h*se  rep'r. 
*•      shop         ^* 
"      tender      " 

.6x6 
.976 
.386 

•  .7<H 
.098 

Cylinders 

.048 
.078 

.05a 

.0x0 

•034 
.04a 

•034 
.054 
.080 

.070 

.058 
•  .133 

.xoa 
.590 

a. 896 

Aalc-bozes 

.384 

Axle-brasses 

Big-«nd  brasses 

Pistons,  etc    

■Glands  and  bushes. . 
Slide-ralve  castings, 
brass. ... 

Total  Labor  

1.878 

.80a 

a.68o 

Eccentric  liners 

White  metal 

Machinery  sundries. 

Proportion  of  round-house  repairs,  Phila. 
ft  Erie  R.R.,  about  the  same,  viz.:  a6  per  cent 

Total  Machinery,. 

'9H 

.190 

•694 

01  laoor. 

See  also 

Table  13 

6. 

Table  61. 
Cost  op  Maintenance  of  Tires  in  Detail,  Gt.  S.  &  W.  Rv. 

Cents  Per  Train-Mile. 


Sngimss. 

Tenders. 

0Wk              % 

Date. 

Past. 

Freight 

All. 

TotaL 

1860-64. . . 
1S65-69. . . 
1870-74... 

.33 
.44 

.22 

.57 
.46 

.44 

.42 

.45 
.30 

.24 

.15 
.23 

.66 
.60 

•53 

Average . . 

•33 

.49 

.39 

.21 

.60 

Mileage  of  Tires, 
Iron, 
Steel, 


4'  6"     (/  6" 

52,300    114*500 

105,700    196,600 
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Table  Mt 
Cost  of  a  Pennsylvania  Railroad  *' Class  I"  (Consolidation)  Enginl 


Boiler 

Machinery.. . . 
Running  gear 

Frames 

Fittings 

Painting 


Total  engine. 
Tender 


Tot.  engine  and  tender. 


Material. 


935 

1.456 

200 

652 

47 


$5,167 

845 


$6,012 


Labor. 


$3,968 


Phila.  &  Reading,  188 1,  average  of  18  engines.. 


TouL 


$9,980 


$10,370 


See  also  Table  134. 


Table  65. 

Ratio  of  Cost  of  Materials  to  Total  Cost  for  both  New  Enginss 

and  Repairs. 


On  Nbw  Encinbs  (or  Rbnbwals). 


Chicago,  B.  &  Q.  RR.,  Class  A.. 
Pennsylvania  "         '*      C. 

EnRlish  (R.  Price  Williams) 

Gt.  So.  &  W.  of  Ireland 

**            "            "      renewals. 
Paris  &  Orleans 


On  Rbpaiks  Oklt  iex  Rknbwals). 


New  York  Cent.  A  H.  R.  RR 

Philadelphia  ft  Rewling 

Av.  of  U.  S.,  rtfmirt^ufy 

rtp^irt  amd  rtmtwmit. . 

Gt.  So.  ft  W.  of  Ireland 

**   ar.  repaifB  and  icaewalt. 
Paris  ft  Orl., 


«•  M  M 


} 


44<^ 
43-3 
Abt.,44 

45-3 
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130b  The  apparent  cost  of  repairs  has  been  kept  down  on  all  our  rail- 
ys  for  the  time  being  by  the  constant  additions  of  new  stock,  thus 
f^reatly  reducing  the  percentage  of  renewals  and  heavy  repairs.  Table  5 1 
will  show  to  what  a  very  important  effect  this  cause  must  have  contrib- 
uted to  reduce  the  apparent  average,  especially  during  the  rapid  growth 
of  traffic  of  the  last  ten  years. 

136.  The  distribution  of  the  cost  of  repairs  to  the  various  parts  of  the 
locomotive  concerns  us  quite  as  much  as  its  total  amount.  Information 
on  this  head  is  somewhat  difficult  to  procure,  as,  so  far  as  the  writer 
knows,  no  American  railways  publish  such  statistics  in  a  complete  form, 
and  few  take  much  trouble  to  collect  the  information.  Tables  53  to  67, 
however,  give  the  cost  of  new  "  American"  engines  in  detail,  and  also 
very  full  statistics  of  the  cost  of  engine  repairs  and  renewals  on  English 
railways,  which  latter  are  undoubtedly  substantially  accurate,  and  (with 
proper  allowances)  of  general  application  to  all  railways. 

137.  From  these  data  we  may  conclude  that,  with  no  very  great  fluc- 
tuations, the  total  cost  chargeable  to  repairs  of  engines,  including  renew- 
als, may  be  distributed  about  as  follows : 

The  boiler  and  its  attachments  require  about 20  per  cent 

The  running  gear  and  frame  (of  which  the  frame  consumes 

very  little,  say  2  per  cent) 20  per  cent 

The  machinery  proper 30 

The  mountings,  fittings,  and  painting, 12 

The  smoke-box  and  attachments, 5 


« 
«< 


Total  of  engine,       87  per  cent 

The  running  gear  of  tender, 9      «< 

Tank  and  body  of  tender, 4 

Total 100  per  cent 

138.  Maintenance  of  shops,  tools  and  machinery,  and  other  miscella- 
neous motive-power  expenses  do  not  usually  appear,  as  before  stated,  in 
statements  of  the  cost  of  repairs  or  of  running  engines,  although  they  con- 
stitute a  legitimate  addition  thereto.  On  the  Pennsylvania  (Table  57) 
these  items,  including  stationery,  incidentals,  and  watchmen,  but  not  in- 
cluding the  item  of  "laborers," — the  latter  doubtless  largely  for  cleaning 
engines. — amount  to  twenty-five  per  cent  of  the  cost  of  engine  repairs,  or 
about  li  cents  per  train-mile,  and  the  item  of  "  laborers"  to  as  much  more. 
This  is  higher  than  is  usual,  or  perhaps  it  would  be  more  proper  to  say 
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that  it  is  based  upon  a  closer  apportionment  than  is  usual*  many  lines 
having  items  of  a  general  character  for  laborers,  clerks,  etc.,  to  which  all 
such  are  charged  for  the  whole  road,  without  separately  apportioninfif 
them  to  mot^ive-power  and  other  departments. 

139.  Maintenance  of  tools,  shops,  machinery,  and  other  miscellaneous 
and  indirect  motive-power  expenses,  average  as  nearly  as  may  be  i  to  li 
cents  per  train-mile  on  the  larger  and  more  important  roads,  ranging 
considerably  higher  on  smaller  roads,  if  all  the  expenses  are  apportioned 
with  equal  care. 

This  is  an  expense  which  is  affected  but  slightly  by  very  considerable 
variations  in  engine-mileage,  and  hence  ought  to  be  kept  separate  from 
engine  repairs  proper,  but  rarely  is.  It  is  an  important  element  in  the 
total  cost  of  motive- power. 

140.  Oil,  waste,  and  small  engine  supplies  cost  on  an  average  about 
one  cent  per  mile.  Jbut  often  run  as  low  as  half  a  cent,  or  even  less,  on  the 

Table  66. 


Percentages  of  the  Cost  of  Labor  and  of  Material,  and  op  the 

Various  Parts  of  New  Locomotives. 

(Shop  and  general  expenses  not  included,  amounting  to  about  50  per  cent  of  Labor 

Account.) 


Items. 
(For  amounts  see  Tables  6i. 

C,  B.  &  Q.  RR. 

(Class  H). 
St'd  FreiRht. 

Pbnna.RR.,"C." 
St'd  Passenger. 

Pbnna.  RR.,"I.- 
St'd  Freight. 

03,  etc.) 

Lab'r 

Mat'l 

Total 

Lab'r 

Matn 

Toul 

Lab'r 

Mat*l 

Total 

Boiler  and  braces 

9.8 

X0.6 

3-3 

2.x 

5-3 
0.9 

25-3 

7« 
10.7 

2.1 

10.  X 

0.5 

35. « 

«7  7 
14.0 

4.« 

I5.'4 

«.4 

7-4 
9.9 
3.1 
2. a 

5-5 

0.9 

ao.6 
10.4 

13.9 
2.1 

7-4 
0.6 

38.0 

ao-3 
16.0 

4-3 

13.9 

(ii.o) 

(13.0) 

(40) 

(a.a) 
(5.0) 
(i.o) 

18.8 

9-4 

14.6 

3.0 

6.5 
05 

29.8 

31.4 

Machinery 

Runnincr>crear 

18.6 

Frame  and  bed-castinc 

4.a 

II. 5 

1-5 

Fittings  and  pump,  cab,  etc 

Painting 

Total  enfirine 

32.0 

55.8 

87.8 

88. 0 

55.0 

83.0 

(35.a) 

51.8 

87.0 

Tender 

35 

8.7 

X3.3 

4.6 

12.4 

17.0 

(4.«) 

8.4 

13.0 

Total  engine  and  tender 

355 

64.5 

100. 0 

32.6 

67.4 

lOO.O 

39.8 

60.3 

XOO.O 

Reported  cost  labor  and  matMs. 

$51803 

•7*954 

$9,980 

Cylinders  and  weight  (long  t'ns) 

17X24 

17X24^33*8  tool. 

soX«4— 40.9  tons. 
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Table  67. 

PXRCBNTAGBS  OP  CoST  OP  VARIOUS  PARTS   FOR  VARIOUS    FORIION    I^KOMO* 

TIVRS. 

(For  Aaericaa,  tee  preccdiof  ublc.    See  alto  Table  III.) 


Pakis  a  OSLKAirt 

iFraace). 
St'd  Freight. 


Lab*r  Matl  Total 


I 


Gt.  So.  k  W. 

(IrelandK 
St*d  Frdglit 


,Ub*r 


taad^boi 

ir»4wfay  bearinc«» 


BoUcr. 


!     i-J  3S-»  I  43-5 

!     »-3  »-9  •    5-« 

5  7  st  9      93.9    'Whecla.f1 

>3  f  SO  <     90.7     Machtaety. 
s  ^       J. a       3-1     Moootiaft. 


etc. 


S''- 


Mai'l  jToul 

i 


3  V 


.CIC. 


3    t 


3  €     Raiatittg. 


»7^  I  Ji.f 
I    4  %  I     «.f 

J  J  !  *7  ?      1»  • 

'     '/S  '     »  7  ■   «<  • 


I 


TouU  boch 


uc  o 


Total 


aad  scflder 


»J  »      74  V    «''''  ♦ 


J"  '. 


a  ST  r 


r  « 


P,^^A 


r7/'»4 — >v  -viwi* 


^  fc.  a 


0«a-»r  Vu-zr*  *#.,.»*•    >>-^a.«X 

Kar 


■sr      fi-a»7  ?•, 


Tva 


VJft 


5  s  ^- :  *  : 

*  5  ai  5  :.  - 

I  -  X  I  I  i 

;   t  it  -  1 

:   i  s  5  •  T 


3!      »».*      ^  \         «r      >«'.      jlk- 


.  * 


a>  •      *^  --v 


J  , 


V 


*  '»      ;  * 


K.    A 


r  -    32 


»     **  ' 


-  I 


«  . 


ai  :     -=  : 


ar. 


.V. 


K.^ 


Cyi 


ia»     -     ^ 


•"  /^ 


■V*    3  1'       -.    ■* 


-JlK 


^'  M*^  *    «P  4^B  m^^ 


r     X 


«speBdHare  for 
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larger  roads,  especially  where  there  is  an  independent  account  kept  with 
each  engine. 

141.  Water-supply  costs  about  half  a  cent  per  train-mile  as  an  average, 
sometimes  running  below  that  on  roads  of  very  heavy  traffic  but  oftener 
running  nearer  to  one  cent  per  mile.  On  all  but  roads  of  very  consider- 
able traffic  one  cent  is  the  safer  estimate.  The  quantity  used  is  very  cod- 
siderable.  About  six  or  six  and  a  half  pounds  of  water,  as  an  average,  is 
evaporated  per  pound  of  coal,  and  a  freight  engine  burning  a  hundred 
pounds  of  coal  per  mile  will  use  some  eighty  gallons  of  water,  or  require 
the  refilling  of  a  2400-gallon  tank  within  thirty  miles  at  the  utmost,  as  an 
average.  Practically,  the  consumption  of  water,  as  of  coal,  is  irr^;ular, 
and  a  full  tank  may  in  cases  be  used  up  within  fifteen  miles ;  requiring, 
for  practical  convenience,  tanks  every  ten  miles,  which  is  the  average  on 
roads  of  thin  or  average  traffic.  On  lines  of  heavy  traffic,  tanks  are 
placed  at  average  intervals  of  hardly  more  than  five  or  six  miles.  Table 
57  gives  considerable  data  as  to  these  minor  items. 

142.  Switching  engines  constitute  an  enormous  proportion  of  the  total 
number  in  service  on  most  roads,  the  average  of  the  whole  State  of  New 
York  being  twenty-eight  per  cent  of  the  whole  number  in  service,  or 
nearly  forty  switching  engines  for  every  hundred  in  through  service  earn- 
ing money.  Their  "mileage"  is  fixed  by  an  allowance  (usually  six  miles 
per  hour,  but  sometimes  eight),  so  as  to  bring  their  expenses  per  "mile" 
in  some  reasonable  or  desired  ratio  to  that  of  through  engines.  The 
great  expense  of  this  service  does  not  tend  to  decrease,  but  rather  to  in- 
crease, with  growth  of  traffic,  and  is  with  reason  felt  to  be  largely  due  to 
removable,  and  hence  discreditable,  defects  of  administration.  The 
burden  is  somewhat  relieved  at  the  lai^r  terminals  by  fixecf  terminal 
charges  ^Hotted  out  of  the  through  rates  before  dividing  it  (at  New  York 
four  to  five  cents  per  hundred  pounds  out  of  through  rates  of  twenty  to 
thirty  cents,  or  even  less).  It  is  a  charge  but  little  affected  by  any  of  the 
details  of  alignment,  so  that  we  need  not  discuss  it  in  detail,  but  in  cer- 
tain computations  it  is  an  element  which  needs  to  be  remembered — nota- 
bly in  computations  of  the  value  of  reducing  grades  on  old  roads,  whereby 
this  portion  of  the  motive-power  expenses  is  not  seriously  reduced. 

The  diagram  given  in  Fig.  4  illustrates  very  fairly  the  past  tendency  ol 
locomotive  expenses.  Alone  of  all  the  items,  wages,  it  will  be  seen,  have 
remained  practically  uniform.  There  was  a  slight  tendency  to  decrease  during 
the  hard  times  of  1877-79,  hut  they  recovered  later,  and  remain  at  the  end  sub- 
stantially what  they  were  in  the  beginning. 

The  cost  of  fuel  declined  sharply  after  1872,  but  since  1876  has  been  nearly 
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unifoitn.  Two  possible  causes  for  this  are  indicated  on  the  diagram,  both  of 
which  probably  had  their  effect.  One  was  the  increase  in  miles  operated,  which 
probably  gave  better  acccM  to  coalmines,  but  another  and  probably  very 
important  contributing  cause  was  the  increase  in  miles  run  per  engine  per  year, 
which  likewise  began  simultaneously,  and  ceased  to  advance  sharply  after  the 
cost  of  fuel  ceased  to  decrease. 

The  course  of  cost  of  repairs  is  very  instructive  It  «iU  be  seen  that  the 
decrease  has  been  enormous,  and  it  is,  doubtless,  in  greal  paft  <hM  to  natural 
and  permanent  causes,  such  as  the  decrease  in  cost  of  materials  and  btttoc  shop 
facilities.  But  it  needs  but  a  brief  glance  at  the  line  showing  '*  Numbw  of 
engines  on  road,"  in  connection  with  the  cost  of  repairs,  to  detect  another 
explanation,  of  vast  importance  in  its  effect  on  operating  expenses,  which  is 
too  little  remembered  in  studying  maintenance  charges,  viz.,  the  enormous  and 
continuous  infusion  of  *'new  blood"  into  the  locomotive  stock,  giving  at  all 
times  a  very  large  number  of  new  locomotives  in  the  stock  in  addition  to  the 
proportion  naturally  required  to  replace  old  engines  worn  out.  As  new  engines 
cost  comparatively  little  for  repairs,  it  is  inevitable  that  this  abnormal  propor- 
tion of  new  engines  should  greatly  affect  the  average  cost  of  repairs,  and  it  is 
very  clear  that  it  did  so.  The  very  small  expense  for  repairs  in  1875-9  ^^  "^^ 
wholly  due  to  economies  enforced  by  hard  times,  although  no  doubt  largely  so, 
but  in  great  part  to  the  fact  that  there  was  a  greater  proportion  of  new  engines 
in  service  than  at  any  time  before  or  since.  Afterwards  the  inevitable  increase 
came  about,  in  spite  of  heavy  falls  in  the  cost  of  much  of  the  material  used,  due 
to  improved  processes  of  manufacture  and  cheaper  transportation,  and  should 
the  continual  additions  of  new  stock  cease,  it  is  very  certain  that  the  increase 
must  go  still  further.  It  is  to  be  remembered  also  that  these  nominal  '*  repairs" 
do  not  include  many  incidentals  for  maintenance  of  shops,  etc.,  which  are 
really  a  part  of  the  cost  of  repairs,  but  not  ordinarily  included  in  it.  A  chief 
reason  for  the  heavy  decline  since  1866  is  undoubtedly  the  continued  improve- 
ment in  the  character  of  the  roadbed  and  in  the  quality  of  the  workmanship  and 
material  used. 

The  increase  in  the  average  miles  run  per  engine  shows  an  imusually  favor- 
able record,  and  one  not  likely  to  be  much  further  improved  on,  since  an  average 
of  nearly  a  hundred  miles  per  day  for  every  day  in  the  year  and  for  all  engines 
nearly  reaches  the  possible  limit.  It  implies  that  single  engines  have  more 
than  doubled  this.  The  decrease  in  miles  run  and  simultaneous  increase  in  cost 
of  repairs  per  mile  run  in  1S82  can  hardly  be  an  entirely  accidental  coinci- 
dence. 

Table  68  shows  the  average  miles  run  per  year  and  the  avenge  cost  per 
year  of  "locomotive  power"  (repairs,  stores,  wages,  and  fuel)  on  ten  repre- 
sentative English  and  American  lines.  The  latter  by  no  means  represent  the 
best  American  practice,  as  will  be  evident  from  Fig.  4.  but  are  those  lines  (for 
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the  most  part)  which  are  operated  under  the  most  fairly  comparable  conditions 
with  the  English  lines.  Could  the  ton-miles  and  passenger-miles  per  year  per 
engine  be  compared,  the  contrast  in  work  done  per  engine  would  be  astounding 
(over  three  to  one),  but  the  English  railway  statistics,  alone  of  those  of  civilized 
countries,  do  not  give  these  facts.  In  part  the  difiference  in  work  done  is 
explicable  by  difference  of  conditions,  but  by  no  means  wholly  so. 

Table  69  gives  the  work  done  per  year  per  engine  and  the  number  of 
engines  in  all  countries,  from  which  it  appears  that,  far  as  American  practice 
is  ahead  of  English,  the  latter  surpasses  that  of  all  other  countries. 


Table  68. 

Aknual  Avs&agb  Expenditurb  Per  Locomotive  for  Locomotive  Power 
ON  Ten  Leading  Lines  in  the  United  Kingdom  and  in  the  United 
States,  with  the  Average  Annual  Number  of  Train-Miles  Run  Per 
Engine. 

f  Abstracted  sad  recompated  fixNU  '*  Railway  Problems,**  by  J.  S.  Jeans,  Secretary  British  Iron 

and  Steel  Assodatioa.] 


Bmgush  LocoMonvBS. 

Ambsican  LocoMonvBs. 

Pbr  LocoMonvB. 

Road. 

Pbr  Locomotivb. 

Road. 

Arera^ 

Annual 

Bzpendi- 

ture. 

Average 
Train- 
MUes. 

Average 

Annual 

Bxpendt- 

ture. 

Average 

Train- 
Miles. 

Great  Northern.. ■ 

Jfortb-Bastem 

3.540 
3/Ho 
•»455 

3.«» 
3t7«> 
a,98o 
a,6xo 

4,370 
3,610 

i6,«40 
19,600 

15.4» 

«9.3«3 
ai,456 
xS,xoi 

>9.959 
92,323 

X9,«44 

Boston  ft  Albany 

Boston  A  LowelL 

Boston  &  Maine 

Boston  A  Providence  . . . 

Old  Colony.  

N.  v..  New  Haven  A  H. 
N.  Y.,LakeBrieftW*n. 
N.  Y.  Cent.  A  Hudson  R. 
Pennsylvanu— Pa.  Div.. 
Baltimore  A  Ohio 

$7,«40 
8,600 
6,640 
6,840 
6,440 
8,610 
4,260 
7»7«> 
5,880 
9,700 

90,000 

I^oodoo  A  North-Westem 

115,000 
91,000 
x8,ooo 
90,000 

Great  Bastem   

<*aiMinoian 

3i,u(x> 

North  British 

Loodoo  A  Sooth- Western 
LocMl.,  Bright.  A  So.  C*st 

95,000 

36,000 

97,000 

$3,080 

»7»539 

•5.590 

a3.9a« 

j  American, 
*  1  English, 


.    $14,860 
,    $10,940 

X.057  cts. 
a  to  2.4  cts. 


Average  eamingi  per  jrear  per  locomotive,    . 

Average  rate  per  ton-mUe, lEngiii?"' 

Arerage  rate  per  pas.enger.mae j  E?g^(aboit  thV2L%1: 

An  the  above  is  for  1883,  except  the  rates,  which  are  for  1885.    The  earnings  and 
fates  given  are  for  the  national  aggregates,  and  not  merely  for  the  ten  roads  above. 
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Table  69. 

Total  Number  op  Locomotives  in  Different  Countries,  Nubcber  op 
Train-Miles  which  they  have  accompushed,  and  the  Average  Miles 
Per  Day  and  Per  Year  Per  Locomotive. 

[Abttracud  from  **  Railway  Problems,'*  by  J.  S.  Jeuis,  Secretary  British  Iron  and  Steel  Ams- 

datioD,  with  some  modifications.] 


COUNTIUBS. 

Number 

of 
Locomo- 
tives. 

Train- 
Miles. 
I  —  s,ooo. 

Average 

Miles 
Per  Loco- 
motive 
Per  Annum. 

Miles 
Per  Loco- 
motive 
Per  Day. 

United  States 

United  Kingdom.. 

Germany 

Austria 

33,833 
14.827 
11.330 
3.671 
1,790 
8,088 
1,630 

34 
III 

519 
211 

5,844 
98 

595 
1,730 

538.011 
272,803 

134.489 
47.144 
33.870 

135.860 
24.643 

433 

1.557 

11.435 

2.207 

61.940 
1. 177 
7.674 

33.919 

M.583 

18,395 
11.870 

13.842 

13.335 
16.798 
15.I18 

13.735 
14,027 
22.033 
ZO.460 

10,599 
12.010 

12.897 
19.606 

63 

50 
33 
35 
37 
46 

41 
35 
38 
60 

39 
29 

33 
35 
54 

Belgium 

France 

Italy 

Luxembourg 

Norway 

Netherlands 

Roumania 

Russia 

Finland 

Switzerland 

India 

The  above  statistics  are  for  1883  for  the  United  States  and  Great  Britain,  and  for  i88» 
for  the  other  countries.  Some  American  roads  (see  Fig.  4)  run  up  to  an  average  for  large 
numbers  of  engines  of  100  miles  per  day. 

143.  Repairs  of  Cars  can  be  estimated  with  most  correctness  per 
car-mile,  and  not  per  train-mile.  They  may  be  roughly  placed,  with  a 
very  fair  degree  of  correctness,  at  \  cent  per  freight  car-mile  and  i4 
cents  per  passenger  car-mile,  on  the  larger  roads.  On  small  roads  i  cent 
per  car-mile  for  freight-car  repairs  is  more  nearly  correct.  Figures  indi- 
cating much  less  than  this  require  allowances.  This,  however,  as  in  the 
case  of  engine  repairs,  includes  only  labor  and  material  directly  applied 
to  the  cars  themselves,  and  there  is  a  considerable  amount  of  incidental 
expenditure,  which  is  really  a  part  of  the  actual  cost  of  maintaining  the 
cars,  but  which  is  yet,  for  very  proper  reasons,  already  stated,  not  gen- 
erally included  in  the  reported  cost  of  car  repairs. 

Such  p^eneral  and  incidental  expenses  amount  to  from  10  to  25  per 
cent  of  the  total  cost  of  car  repairs  proper. 
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Table  70. 

AvuLAGE  Cost  of  Car  Repairs  on  Western  &  Atlantic  Railroad  for 

Different  Kinds  of  Cars. 

Cost  Per  Car  Per  Year, 


PaMcogcr. 

Local  Box. 

Stock. 

Coal  and 
Flat. 

Line. 

Running  gear 

Interior  fittings 

Miscellan's  material. . 

$64.80 
23-45 
41-75 

16.78 
12.10 

$7.46 
8.50 

$6.76 
6.50 

$19.09 
13-49 

Toul  material 

Labor 

$130.00 
III. 50 

ti8.88 
II. 12 

$15.96 
9-35 

$13.26 
4.48 

$32.58 
10.62 

Total 

$241 -  50 

$30.00 

$25.31 

$17-74 

$43.20 

Miles  per  car 

No.  of  cars  in  use.... 

36.480 
138 

7.780 
194 

5.601 
40 

• 

5.420 
489 

10,043 
648 

Cost  Per  Car  Mile, 


Running  gear 

Interior  fittings 

Misceilan's  material. . 

ctt. 

.178 
.064 

.114 

ctt. 

.087 

.155 

ctt. 

-133 
-152 

cu. 

.125 

.120 

ctt. 

.191 

.135 

Total  material 

.356 

.306 

.243 
.143 

.285 
.167 

-245 
.083 

.326 

.106 

Total 

.662 

.386 

.452 

.328 

.432 

The  above  includes,  whether  by  chance  or  otherwise,  no  charges  whatever  for  seats  or 
nphdstcry  of  passenger  cars.  Otherwise  it  includes  all  work  done  in  the  car  department 
for  maintenance  of  cars,  both  repairs  and  renewals.    The  cost  per  passenger  car  is  very 


Tables  70.  71.  72,  73  were  computed  from  dau  given  in  a  very  careful  paper 
on  car  mileage  and  repairs  by  E.  C.  Spalding.  Car  Accoununt  W.  &  A.  R.  R.. 
and  afford  about  the  most  trustworthy  data  on  the  details  of  car  repairs  which  is 
extant.  Such  information  is  very  difficult  to  obtain,  and  even  this  affords  no 
means  of  distributing  expenses  to  different  parts  of  the  car  body.  Making  a 
proper  allowance  for  labor,  it  will  be  seen  that  somewhat  over  40  per  cent  of 
car  repairs  arises  from  running-gear  maintenance,  and  nearly  75  per  cent  from 
truck  repairs.  By  far  the  larger  part  of  the  remainder  is  for  draw-gear  re- 
pairs.    Other  repairs  of  body  are  a  very  small  expense. 

These  statistics  give  the  true  average  cost  of  car  repairs  for  a  stock  which 
II 
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is  being  neither  increased  nor  decreased.  They  are  almost  the  only  records  of 
the  kind  which  have  been  published. 

One  very  notable  fact  in  Table  70  is  that,  contrary  to  what  might  be 
expected,  the  cars  which  make  the  largest  mileage  per  year  cost  the  most  per 
mile  for  maintenance.  The  chief  reason  for  this  is,  probably,  that  they  are 
maintained  up  to  a  higher  standard;  but  as  the  cars  in  local  service  are  (i)  sub- 
jected to  more  banging  and  more  frequent  use  of  brakes,  and  (2)  make  a  smaller 
mileage  per  year,  so  that  the  rotting  and  other  e£fecti  of  time  and  age  are 
divided  up  among  a  smaller  number  of  miles,  we  should  expect  to  see  a  some- 
what higher  cost  per  mile  run  for  such  cars.  On  the  contrary,  it  is  smaller,  both 
for  running  gear  only  and  for  the  aggregate  of  all  items. 

Table  74  gives  the  cost  of  car  repairs  on  the  Lake  Shore  &  Michigan  Southern 
Railway  for  repairs  proper  and  renewals  separately.  In  former  years  the  cost 
of  Lake  Shore  car  repairs  was  much  higher  than  that  shown  ;  $50  per  year  is 
perhaps  a  fair  permanent  average  at  present  prices.  The  reason  why  no  dis- 
tinction is  even  attempted  between  renewals  and  repairs  in  either  locomotive  or 
car  maintenance  is  clear  from  the  note  to  the  table. 

Table  71, 

Cost  of  Freight-Car   Repairs  Per  Mile  Run  by  Items  for  Cars  op 
Various  Ages — Western  &  Atlantic  Railroad. 


Box  Cars. 

Coal  Cars. 

Itbms. 

Cars. 

X  to  5 
years. 

6  to  xo 
year*. 

XX  to  z6 
years. 

Cart. 

z  to  5 
years. 

6  to  zo 
years. 

zz  to  z6 
years. 

Axles 

.035 
.xoz 

.073 

.022 
.o8x 
.052 

.049 
.112 
.077 

.051 
.X23 
.xxo 

.03X 
.073 

.063 

.oz6 

.04a 
.oja 

•045 
.099 

.09Z 

Brasses 

.034 
.083 

Wheels 

•  Vya 

RunninfiT  srear 

.209 

.155 

.23X 

.284 

.X67 

.090 

.235 

.z88 

Cast-iron 

.030 

.054 
.052 

.02Z 
.022 
.009 

.'35 
.0x2 

.020 
.036 
.017 
.022 
.0x7 
.002 

.075 
.007 

.030 
.066 
.073 
.020 
.022 
.016 
•  154 

.018 

.050 
.074 

.090 
.023 

•033 

.OIZ 

.a97 
.0x3 

.032 
.070 
.065 
.oxx 
.oz6 

•  •  •  • 

.141 
.004 

.08Z 
.008 
.007 
.ozz 
.oz6 

•  •  •  • 

.046 
.oca 

.03Z 
.zoo 
.iz6 
.006 
.ozS 

•  •  •  • 

.aao 
.005 

Wroucrht-iron 

•043 
.086 
.o8z 

Lumber 

SprincTS 

Bolts 

.0x4 
.oz6 

«  •  »  • 

Paint 

Labor  

Nails,  chains,  and  metal- 
lic sundries 

.170 
.006 

•544 

•351 

.630 
8,904 

.804 

.506 

.saz 

•73* 

.604 

Av.  miles  run  per  year. . 

9,238 

11,767 

6.996 

4»970 

5«54> 

4,33« 

5.o9« 

Av.  total  cost  per  year. . 

^50-33 

$39-82 

$56-  »o 

$56.26 

j  $a5-a4 

$i«.a5 

$3z.67 

$30-7« 
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Table  72. 
Cost  op  New  Box  Car  in  Detail,  1883. 

[Deduced  froan  dau  given  in  a  paper  by  E.  C.  Spalding,  Car  Accountant,  Western  ft  Atlantic 

Railroad.] 


Matbriau 

Labor. 

Total. 

Per  Cent. 

Lmnber 3,987  ft. 

Wroixght-iron. ..  704  lbs. 

Cast-iron 606  ** 

Naila,  etc 

$79-74 

35  » 

x8.x8 

5. ax 

4-14 

xa.6o 
3.a8 

•  ao  days  carpenter. 

$45.00 

$i«3-33 

4.M 

z6.6o 

6. 38 

36.1 

Draw-springs 46  lbs. 

Tin  roof  

0.8 

4  days  tinner 

z^  dajrs  painter 

4.00 
3.00 

3-3 
z.a 

Total  body 

$158  35 
3x.a 

$53.00 
X0.3 

$310.35 
41.4 

4X.4 

P.  c.  of  total  cost 

Truck. 


Wheels 4,aoo  lbs. 

•  $160.00 

X4.08 
16.56 

9-74 

50.00 

39.  x8 

•79 

$x6o.oo 

X4.08 
X6.56 

X04.57 

1.39 

3«-5 
a. 8 

Axles x,4oo   ** 

Brakes...    ...      64   ** 

Springs 184    ** 

Lumber 487  ft. 

Wroaght-iron .  x,ooo  lbs. 

Cast-iron 1,306  ** 

Painting 

.......     .....•*.... 

3-i 
ao.r 

•3 

-Carpenter 

Painter 

$5.65 
•  50 

Total  truck  ...  . . . , . 

$390.35 

$6.15 

$396.50 

58.6 

Tnt*l  ear 

$448.70 
88.5 

$58. X5 

XI. 5 

$506.85 
100.00 

lfV>    A 

Percent 

The  weight  of  metal  in  a  standard  New  York  Central  40,000-lb.  box-car  is  given  as 
follows: 


Wrought-iroo  in  car  body 3,553    lbs. 

Cast-iron  in  **         797     *' 

Steel  in  "         104     ** 

Malleable  iron  in      **         13^'* 

Wr't-iron  in  trucks,  iiiehid*g  axles,  3,144     ** 


Cast-iron  in  trucks,  includ*gwheels,  5,366  lbs. 

Malleable  iron  in  trucks 48  ** 

Journal-bearings 80  '^ 

Wheels,  each 535  ** 

Axles  (M.  C.  B.  Standard) 347*' 


The  total  cost  per  train-mile  of  passenger-car  repairs  and  freight- 
car  repairs  is  very  nearly  the  same  in  the  aggregate,  as  may  be  seen  from 
Tables  75-3o,  although  the  proportion  of  the  constituent  elements  differs 
considerably.     (See  par.  1 50.) 
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Table  73. 

Average  Cost  in  Detail  of  Keeping  in  Rspaik  Trucks  and  Bodies 

Separately  op  Box  Cars. 

Age  of  cars  three  years.    Built  at  cost  of  $515.00  each.    (Compare  Table  87.) 


Trucks. 
Original  Cost,  $315. 


Items. 


Axlet... 

Brasses 

Wheels. 


Running  gear. 


Springs 

Labor  

Cast-iron 

Wrought-iron. 

Bolts 

Lumber.... ... 

Nuts 

Paint 


Total 


Cost  Per 
Year. 


$304 

13.44 

6.06 

•al.54 

$4-97 

8.7a 

a. 66 

a.xo 

.«7 

.IX 

.oa 
.oa 


•34.81 


Per  Cent 
of  Total. 


6.3 
as. 8 
ia.6 


44-7 


10.3 

5-6 
5-5 

4-4 


1.7 


7a. a 


Body. 
Original  Coat,  faoa 


Items. 


Labor 

Cast-iron 

Wrought'iroQ 

Bolu 

Lumber 

Springs 

Chains,  nails,  nuts, 
paint,  screws,  aol- 
der,  tin 


Total  cost  per  car. 


Coat  Per 
Year. 


•5-45 

«-33 
s.40 

s.xz 

s.70 

s.s6 


«.«9 


$X3-44 


M.aS 


Per  Cent 

of  Total 


11.3 

a.6 
a.9 

■•3 

35 

a.6 


•.6 


•7.8 


100. o 


The  expenditures  for  wheels  are  extremely  low  in  all  the  Western  &  Atlantic  records. 
Many  roads  show  as  high  as  40  per  cent  of  car  repairs  expended  in  wheels  alone. 


144i  The  established  mileage  rate  for  interchange  of  traffic  is  f  cent 
per  car-mile,  this  rate  having  been  attained  by  a  gradual  drop  from 
3  cents  to  2  cents,  to  i^  cent,  to  i  cent,  and  at  last  to  the  present  rate, 
\  cent,  and  including  (or  being  intended  to  include)  a  certain  profit  on 
the  use  of  the  cars  sufficient  to  take  away  all  inducement  for  keeping 
foreign  cars  in  home  service,  if  not  to  place  a  certain  penalty  on  such 
use.  It  is  probable  that,  as  an  average  of  several  years,  the  price  stated 
is  sufficient  to  do  this,  especially  as  in  addition  to  this  sum  the  road 
using  foreign  cars  is  required  to  make  good,  at  its  own  expense,  any 
deterioration  which  parts  of  the  car  other  than  the  wheels  and  azl<Si  may 
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su&r  while  on  its  lines.  Nevertheless,  whenever  business  is  brisk  and 
cars  are  scarce,  which  may  be  one  half  to  two  thirds  of  the  time,  the  price 
fixed  is  not  sufficient  to  cause  cars  to  be  sent  home,  and  earnest  efforts 
are  now  making  to  bring  about  a  change. 

HO*  This  effort  is  more  particularly  directed  to  the  fixing  of  some  per-diem 
rate,  to  cure  the  great  present  evil,  that  when  cars  are  kept  on  hand,  on  a  side^ 
track,  instead  of  being  sent  home,  sometimes  for  weeks,  the  offending  road  loses 
nothing,  since  it  pays  nothing  for  the  car  except  wnen  it  is  in  motion.  The 
m«Mt  favored  plan  is  a  change  to  a  mixed  per-diem  and  mileage  rate,  approxi- 
mating to  25  cents  per  day  -|-  \  cent  per  mile.  If  the  car  were  kept  faithfully  in 
service,  there  would  probably  be  no  dispute  that  f  cent  per  car-mile  is  sufficient 
to  cover  (i)  maintenance  and  renewal  charges,  (2)  interest  on  the  value  of  the 

r,  and  (3)  a  fair  business  and  punitory  profit  in  addition. 


Table  74. 

Cost  op  Freight-Car  Repairs  Per  Car  Per  Year,  on  Lake  Shore  & 
Michigan  Southern  Railway,  por  Six  Years. 

(Average  mileage  of  cars  per  year,  about  12,500  miles.) 


1880 

l88f 

1882 

1883 

1884 

1885 

Total,  6  years. 
Av.  per  year.. 


Cost  Car  Per  Year. 


Repairs  only. 


$47.80 

43.46 
38.90 
30.64 
21.24 

35.30 


$217.34 
36.22 


New  cars  built 

for  acct. 

**  repairs.** 


$4.00 
2.74 

'  1.59 
5.56 

3.17 
1.05 


$18.11 
3.02 


Total  repairs 
and  renUs. 


$51.80 
46.20 
40.49 
36.20 

24.41 
36.35 


$235.45 
39.24 


No.  OP  Cars 


Total  in  use. 


12.107 
14.663 
16.796 
16,649 

16.355 
16.629 


15.520 


Built  new 

for 
renewals. 


107 
66 

58 
197 
108 

38 

574 
95.7 


For  the  ten  years  1870-79  preceding  this  table,  the  Lake  Shore  built  in  all  2,253  cars 
entirely  new  on  renewal  account,  making  the  total  number  rebuilt  entirely  new  in  sixteen 
years,  3,807.  'Hie  stock  of  cars,  beginning  with  6,077  ^^  1870,  was  increased  to  10,185  in 
1874,  and  then  remained  practically  stationary  until  the  middle  of  1879,  when  the  increase 
began  to  the  figures  above.  Except  that  a  large  majority  of  cars  are  rebuilt  piecemeal, 
and  maintain  a  kind  of  continuous  existence,  at  least  10,000  cars  should  have  been  rebuilt 
during  this  period  instead  of  2,807.  ^^  is  probable  that  most  of  the  latter  were  broken 
op  entirely,  chiefly  because  they  had  become  of  too  antiquated  design  to  be  serviceable. 
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146.  The  repairs  which  the  road  using  foreign  cars  has  to  pay  for  in  addi- 
tion  to  paying  f  cent  per  mile  are  not  of  great  importance,  and  are  determined 
in  this  wise:  At  every  junction  point  there  is  an  inspector,  usually  a  joint  in- 
spector, who  admits  cars  on  to  the  road  only  when  *'  in  good  running  order,"  as 
determined  by  minute  specifications  revised  yearly  by  the  Master  Car-Builders* 
Association.  Once  on  the  road  it  must  be  passed  o£f  as  fulfilling  all  the  same 
specified  conditions,  or  be  sent  to  the  shop  for  repairs.  Failures  of  the  wheels  or 
axles  are  assumed  to  be  (in  default  of  evidence  to  the  contrary)  from  the  nor- 
mal wear  paid  for  by  the  f  cent  per  mile.  Other  failures,  broken  draw-timber 
castings,  sills,  doors,  roofs,  trucks,  etc.,  are  assumed  to  result  from  bad  usage, 
and  are  made  good  in  addition  to  the  mileage  payments.  In  this  way  a  road 
may  often  have  to  pay  for  repairs  due  to  gradual  deterioration,  for  which  it  is 
not  at  fault;  but  the  average  is  about  fair:  and  since  no  general  repairs  are 
made,  but  the  car  is  simply  patched  up  so  as  to  barely  pass  inspection,  it  does 
not  amount  to  a  very  heavy  addition  to  the  established  mileage  rate. 

147.  The  apparent  cost  of  car  repairs,  to  an  even  greater  extent  than 
the  cost  of  engine  repairs,  has  been  and  will  continue  to  be  far  smaller 
than  it  really  is  because  of  the  constant  additions  of  new  stock,  made 
necessary  by  the  rapid  growth  of  traffic.  As  the  repairs  on  new  cars  are 
small  for  many  years,  if  the  stock  of  cars  be  doubling  every  four  or  five 
years,  as  has  been  the  case  in  the  United  States  for  the  past  twenty  years, 
the  apparent  cost  of  repairs  cannot  but  be  greatly  affected.  Table  74 
shows  how  great  an  effect  this  cause  may  have,  in  many  cases.  Any 
figures  seeming  to  be  much  below  those  here  given  will  be  apt  to  be 
largely  affected  by  this  cause,  or  by  the  one  above  alluded  to— omission 
of  general  and  incidental  shop  expenses. 

148.  We  are  less  concerned,  however,  as^in  the  case  of  engine  repairs, 
with  the  total  cost  of  car  repairs  than  with  its  origin  and  subdivisions ; 
as  in  that  way  only  can  we  properly  determine  what  efi^ect  differences  of 
grade  and  line,  or  other  specific  causes,  will  have  upon  the  cost  of  this 
item.  Few  railways  keep,  and  none  publish,  any  detailed  record  of  the 
cost  of  the  various  items  which  make  up  the  enormous  aggr^;ate  of 
"  repairs  of  cars,"  that  being  the  only  one  which  appears  in  the  reports, 
or,  as  a  rule,  on  the  books.  It  is  therefore  difficult  to  determine  pre- 
cisely the  ratio  of  the  various  items  to  each  other.  Nevertheless,  from 
the  m formation  given  in  Tables  70  to  73  and  other  data  (compare 
especially  Table  87)  we  may  conclude  that  the  actual  cost  of  repairs  and 
renewals  of  freight  cars  is  divided  very  nearly  as  follows : 
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Wheels 30  per  cent. 

Axles,  brasses,  and  axle-boxes, 30 

Springs 10 

Truck  frame  and  fittings* 5 


Total  truck, 75 

Brakes, 5 

Draw-bars 10       " 

Sills  and  attachments, 5        " 

Car  body,  painting,  etc, 5        " 


Total .100 


(« 


149i  Passenger-car  repairs  are,  for  wheels,  axles,  and  brasses,  but 
slightly  more  than  for  a  freight  car  per  mile.  Exact  information  as  to 
the  comparative  mileage  of  passenger  and  freight  wheels  is  difficult  to 
obtain,  owing  to  the  fact  that  as  soon  as  wheels  show  any  noticeable  de- 
fect, which  yet  does  not  make  them  unsafe,  they  are  withdrawn  from  pas- 
senger service  and  put  under  freight  cars,  often  making  a  large  mileage 
before  being  finally  scrapped.  The  general  tendency  of  the  available 
evidence  is  that  there  is  but  little  difference,  and  that  differente  in  favor 
of  passenger  cars,  the  effect  of  the  higher  speed  being  counterbalanced 
by  less  injurious  brakes  and  better  springs.  The  extra  cost  of  repairs  and 
renewals  of  passenger  cars  is  mainly  in  its  decorations,  better  painting, 
and  interior  fittings;  and  bearing  in  mind  that  passenger  cars  are  not 
exposed  to  anything  like  the  rough  service,  blows,  and  shocks  which 
come  upon  freight  cars,  we  may  say,  without  any  error  of  moment,  that 
Che  average  cost  per  passenger  car-mile  is  about  as  follows : 

Frt.  Car.    Past.  Car. 
Cu.  Per  Mile. 

Running  gear,  draw-bars,  etc., 0.3  0.5 

Sills,  frames,  etc., o.i  0.2 

Painting  and  varnishing  car  body, 0.2 

Interior  fittings  and  uphobtery, 0.5 

Total 04  1.4 

150.  In  other  words,  the  cost  of  maintaining  a  passenger  car  for  those 
items  or  parts  of  items  which  are  affected  by  differences  of  distance,  cur- 
vature, and  gradients  is  not  so  much  greater  than  for  freight  cars,  but 
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that  it  is  noticeably  smaller  per  passenger  train-mile,  but  the  total  cost 
of  repairs  per  train-mile  is  about  the  same.  (See  note  foot  of  page  163.) 
15h  Tiie  average  mileage  of  freight  cars  per  year,  taking  the  whole 
equipment  of  a  road  together,  ranges  from  11,000  to  15,000  miles,  some- 
times even  higher,  but  very  frequently  considerably  less.  On  short  roads 
with  heavy  local  business  it  is  often  smaller  than  this,  averaging  10,000 
miles  per  year,  or  even  less.  The  tendency  in  recent  years  has  been  to 
decrease.  The  mileage  made  by  different  cars,  however,  varies  enor- 
mously :  "line"  cars,  so  called,  belonging  to  the  independent  or  semi- 
independent  organizations,  which  now  conduct  a  very  large  proportion 
of  the  through-freight  business  passing  over  several  lines,  make  the 
greatest  mileage,  as  is  but  natural;  both  because  they  are  exclusively 
used  in  long-trip  through-business  and  because  they  are  most  sharply 
looked  after.  The  general  average  of  all  classes  of  cars  (see  also  Table 
70)  is  about  as  follows : 

Miles  Per  Day.  Miles  Per  Year. 

Coal  and  flat  cars, 15  to    20  5,000  to    7,500 

Box  cars 25  to    40  9,000  to  1 5,000 

••  Line"  cars, 70  to  100  25,000  to  35,000 

Average 35  ^o   45  12,000  to  16,500 

The  average  mileage  of  passenger  cars  ranges  from  40,000  to  60,000 
miles  per  year,  these  being  about  the  two  extremes.  Through -coaches, 
sleeping-cars,  etc.,  run  much  higher  than  this — up  to,  in  some  cases, 
150,000  miles,  averaging  about  100,000. 

152.  Train  Wages,  the  sole  remaining  considerable  item  affected  by 
line  and  grades,  are  less  difficult  than  the  preceding  to  state  with  correct- 
ness. The  following  are  a  close  approximation  to  the  rates  which  now 
prevail  in  this  country  for  average  runs  of  a  hundred  miles.  In  1870-74 
they  were  naturally  higher  than  this,  say  25  per  cent,  and  higher  yet  in 
the  preceding  decade.  In  1875-78  they  were  about  10  per  cent  lower. 
They  vary  considerably  in  different  parts  of  the  country,  but  less  than 
any  other  item  of  train  expenses : 

Freigrht.  Fsssenger. 

Engineman $3- 50  to  $3.75  $3* 50  to  $4.00 

Firemen 1-75  to     2.00  1.75  to     2.00 

Conductor, 2.75  to     3.00  3.75  to     5.00 

Brakeman  (each,  $1.75).     3-5o  to     5.25  3.50  to     3.50 

Baggage-men ...  2.00  to     3.00 

$1 1. 50  to  $14.00         $14.50  to  $16.50 
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163.  The  system  by  which  train  wages  are  fixed  varies  materially.  It 
is  sometimes  strictly  by  the  month  or  day,  especially  in  passenger  ser- 
▼ice — a  certain  run  being  called  a  day's  work,  independent  of  the  time 
actually  employed.  These  runs  may  vary  anywhere  from  75  to  no  or 
120  miles;  but  if  it  constitutes /i>/ar/^  a  day's  work,  it  is  rated  a  day, 
independent  both  of  time  and  distance  run. 

This  system  was  formerly  universal,  and  is  still  very  common  for  pas- 
senger service ;  but  with  increase  of  traffic,  and  especially  with  the  con- 
solidation of  lines  into  great  systems,  with  runs  of  widely  varying  length, 
the  practice  is  coming  more  and  more  into  vogue  of  paying  strictly  ac- 
cording to  mileage,  in  the  manner  specified  in  par.  191.  The  chances 
are  that  the  tendency  to  pay  in  close  accordance  with  mileage  will  be- 
come stronger  and  stronger  with  the  great  organizations,  especially  in 
freight  service,  while  the  former  plan  will  always  prevail  with  the  smaller 
independent  lines,  and  even  on  many  of  the  larger  lines  for  passenger 
service. 

154.  A  compromise  plan,  intermediate  between  these  two  extremes, 
is  at  present  more  usual  than  any  other.  The  runs  over  various  divisions 
are  graduated  as  i  day,  i^  day,  \^  day,  sometimes,  though  rarely,  \  day, 
etc.,  etc.  so  as  to  have  a  close  correspondence  with  the  real  distance,  but 
not  to  be  in  exact  ratio  thereto ;  other  circumstances,  such  as  number  of 
stops,  etc,  being  often  taken  into  account.  This  appears  to  be  not  only 
fairer  than  an  exact  mileage  basis,  but  more  acceptable  to  employes.  The 
present  system  of  handling  traffic,  by  which  the  freight  crews  not  only 
know  no  distinction  of  night  or  day  or  week-day  and  Sunday,  but  do  not 
even  recognize  the  day  of  twenty-four  hours,  tends  to  facilitate  this  basis 
of  payment;  the  crews  being  "on"  or  "of!"  at  intervals  determined  by 
tlie  pressure  of  traffic,  and  not  at  all  by  the  number  of  hours  in  the  day 
or  days  in  the  week.  In  passenger  service,  or  wherever  the  freight  ser- 
vice is  tolerably  regular  in  its  character,  the  deference  paid  to  an  exact 
mileage  basis  is  much  less  marked.     (See  also  par.  191.) 

f99i  The  tendency  is  strong  to  increase  the  length  both  of  locomotive 
rans  and  of  divisions.  Locomotive  runs  were  formerly  from  80  to  100 
miles.  At  present  they  range  by  preference  from  120  to  150  miles,  the 
gradients  being  often,  of  course,  a  controlling  condition.  The  prevailing 
tendency  is  well  illustrated  by  the  locomotive  divisions  on  the  Canada 
Pacific  of  which  there  are  19  on  the  2445  miles  between  Montreal  and 
the  P^fic  an  average  run  per  locomotive  of  128}  miles.  The  shortest 
and  longest  runs  are :    (See  page  178.) 
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6  (112,  113,  114,  116,  and  two  of  118  miles)  under  120  miles. 

4  (120,  121,  125,  and  126  miles)  between  120  and  130  miles. 

6  (130,  131,  133,  133,  134,  134  miles)  between  130  and  140  miles. 

1  (145  miles)  between  140  and  150  miles. 

2  (150,  152  miles)  over  150  miles. 

Thus  the  minimum  is  112  and  the  maximum  152  miles.     This  practice 
tends  strongly  to  economy. 

156.  General  and  Station  Expenses  are  but  slightly  affected  bj 
any  probable  variations  in  the  line  and  grades,  so  that  it  is  unnecessaiy 
to  consider  them  in  detail,  although,  for  many  questions  connected  with 
the  operations  of  railways,  such  analysis  is  highly  important.  Thcj 
amount  altogether  to  about  thirty  per  cent  of  the  total  operating  d- 
penses,  ranging  from  twenty  to  forty  per  cent  in  extreme  cases. 

157.  In  Tables  75,  76,  ^^,  78  are  given  various  details  as  to  expendi- 
tures for  the  railways  of  the  entire  United  States  and  the  several  interior 
groups  thereof,  for  the  four  great  trunk  lines,  for  four  minor  trunk  lines^ 
and  for  the  six  leading  Chicago  lines.  These  details  are  all  computed 
from  the  census  statistics  of  1880,  which  were  the  first  which  gave  an 
available  source  for  obtaining  these  statistics,  on  an  approximately  sub- 


Table  79. 
Operating  Expenses  of  British  Railways,  1884-85. 


Maintenance  of  way 

Locomotive  power.. 

Rolling  stock 

Traffic  expenses 

General  charges 

Rates  and  taxes 

Government  duty 

Compensation: 

Personal  injuries 

Damage  to  goods 

Legal  and  parliamentary  expenses... 
Miscellaneous 

Totals . . . 


Centeper 
Train-mile. 


11.32 

16.55 
6.05 

1977 
2.87 

3-45 
0.68 

0.27 

0.34 
0.51 
0.79 


62.60 


Percent. 


18. 1 
26.4 

9-7 
31.6 

4.6 

5.5 
I.I 

0.4 
0.5 
0.8 
1.3 


lOO.O 


No  material  change  in  the  percentages  of  these  various  expenses  has  taken  place 
1870,  but  the  cost  per  train-mile  has  fallen  from  an  average  of  77  cents  to  6a.6. 
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ilar  basis  of  distribution  of  expenses.  Many  minor  errors  plainly  oc- 
curred in  making  over  the  accounts  according  to  the  census  form ;  but 
the  result  is  more  likely  to  afford  a  uniform  basis  of  comparison  than 
any  individual  attempts  to  do  the  same  thing  with  later  statistics. 

In  Table  78  are  likewise  repeated  the  final  results  of  a  large  table, 
which  the  writer  computed  for  his  former  edition,  from  the  accounts  of 
seventeen  different  roads,  each  averaged  for  from  three  to  ten  years.  It 
will  be  seen  that  the  correspondence  between  these  various  statistics  is 
singularly  close — quite  enough  so  to  afford  a  pretty  accurate  basis  for 
estimating  the  expenses  of  any  road.  In  Table  79  are  given  some  corre- 
sponding statistics  for  English  railways. 

158.  Summarizing  the  ground  gone  over,  we  may  estimate 
the  operating  expenses  of  a  railway  in  the  North  Central  States, 
laid  throughout  with  steel,  and  of  good  average  character,  about 
as  in  Table  80,  on  the  previous  page.  'With  less  accuracy  this 
table  will  apply  to  railways  in  any  part  of  the  United  States,  the 
principal  cause  of  variation  being  volume  of  traffic. 

This  estimate,  however,  is  merely  an  average,  as  should  al- 
ways be  remembered,  to  be  corrected  in  each  individual  case  ac- 
cording to  local  circumstances.  It  has  been  endeavored  in  this 
chapter  to  furnish  a  guide  for  such  corrections,  as  far  as  possible, 
but  nothing  will  fully  take  the  place  of  intelligent  examination 

Table  81. 

Classification  of  Operating  Expenses  Adopted  in  the  Former  Edition 

OF  this  Treatise. 


Train  Expenses. 
43  P  c. 


(  Fuel lo  p.  c 

Engines 3x  p.  c.  •<  Oil,  waste,  etc 2     *' 

(Repairs 9     *♦ 

Cars 10   **        Repairs,  inspecUoOf  etc xo     *' 

Train  wa«s  la   "      j  Enfirineman  and  firemen 6     '" 

1  ram  wages la  -j  Conductor  and  brakemen. ...  6 


("Track  11   »'      j  Renewal  of  rails.. T.. 77.7..!.  7     " 

^^^^^ *3  I  Adjusting  track,  etc 6    " 

Maintenance  OF  Way.    I   p^_^  k^h  •    "      J  Renewal  of  ties 3     ** 

27  PC.  J.  Road-bed 7  ,  Earthwork,  ballast,  etc 4     ** 

(  Switches,  froRs,  and  sidings..  3     '* 

Yards  and  structures  7   '*     -j  Bridges  and  bridge  masonry.  3.5  ** 

(Station  and  otherbuildings...  z.5  ** 


Total  *' Link"  ok  Tran-^portation  Expenses 70   p.  c. 

Station,  Terminal,  and  General  Expenses  and  Taxes 30     " 

Total  OiKKATiNG  Extknsks   100   p.  c. 
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of  the  facts  on  neighboring  roads.  This  table  gives  merely  a 
rude  average  for  use  in  the  remainder  of  this  volume  for  com- 
puting examples. 


Table  82. 

Percentage  op  Total  Revenue-Mileage  (assumed  as  ioo.)  op  Revenub- 
Passbngee  Trains,  Revenue  Freight  Trains,  ''Switching  Trains,"  and 
•*  Other"  (mostly  Work)  Trains  in  the  United  States  and  Each 
Group  of  States. 

[Computed  from  the  Statittict  of  the  Census  of  x88o.    For  Census  Groups  see  Table  75.] 


Group  op  Statbs. 


New  England 

Middle,  Ind., and  Mich... 

Soaihem  

111.,  la..  Wis.,  Mo.,  Minn 

La.,  Ark.,  Ind.  T 

Far  West  and  Pacific.. . . 

United  Sutes 


MUes 
Oper- 
ated. 


5.887 
a8.693 

25*038 

877 

X3»044 


87.78a 


Rbvbmub  Train-Mils- 

ACB. 


Pas- 
senger. 


51.8 
35.6 

34-3 
31. a 

16.9 

34-8 


35.5 


Freight. 


48.3 

64.4 
65.7 
68.8 
83.x 
65.3 


645 


Total. 


xoo.o 
xoo.o 
xoo.o 
xoo.o 

lOO.O 

xoo.o 


XOO.O 


Other  Milbacb. 
(Per  Cent  of  Rer.  Miles.) 


Switch- 
ing. 


xa.6 

16.5 

7a 

x6.x 

4-4 
X0.8 


144 


Other. 


3-5 
4-5 
5.6 

5.9 
X.9 

9.0 


5.x 


Total. 


x6.z 
ax.o 
xa.8 
aa.o 

6.3 
X9.8 


«9-5 


It  is  quite  certain  from  the  statistics  that  the  actual  proportion  of  switching  mileage 
is  larger  than  the  above,  both  because  fully  one  third  of  the  roads  do  not  report  switching 
at  all,  and  because  many  include  switching  with  train-mileage.  The  per  cent  of  switching 
to  revenue-mileage  of  a  few  single  roads  runs  as  follows  : 


Bastbrn. 

Per  Cent. 

MiDDLB. 

Per  Cent. 

Boston  9l  Albany 

xa.9 

x8. 

X3.8 

99- 

ax. 
3«.4 

X4.8 
37-3 

Allesrhenv  Valley 

ax. 8 
5.6 
as. 7 
33-7 
ax.x 
4.0 
a4.7 
33-5 

Boston  A  LoweU 

Atl.  4  Gt.  Western 

Bolt.  ^  Ohio 

CI.,  Col..  C.  &  Indianapolis 

CI.  A  Pituburg        

Col.,  Ch.  &  Ind.  Central. . . . 
Z?//.,  Lack.  6*  West€rn  .... 

N.  Y..  L.  Erie  A  W 

N.Y.  Central  A  H.  R 

Eastern . ,  * 

Fitchbarg 

Maine  Central 

Nashua  A  LoweU 

Old  Cokmv 

Prov.  ft  Worcester 

The  two  roads  given  in  italics  above  are  among  those  which  show  an  extraordinarily 
cost  per  train-mile.    The  main  cause  therefor  is  clearly  indicated  in  the  above  figures. 
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In  Table  80  om  fifth  of  the  total  cost  of  motive-power  has  been 
allotted  to  switching-engines.  In  most  cases  there  is  a  larger 
proportion  than  this,  independent  of  the  switching  done  by  reg- 
ular trains  in  tratisitu^  as  is  partly  indicated  by  the  following 
Table  82. 

In  Table  81  is  given  the  table  corresponding  to  Table  80, 
which  was  used  in  the  former  edition  of  this  treatise  as  the  as- 
sumed average  distribution  of  expenses  for  computing  examples. 
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THE  MINOR  DETAILS  OF  ALIGNMENT 


'*  Despise  not  small  things,  for  therefrom  comes  sorrow  and  disap- 
pointment. Yet  remember  that  they  are  small,  and  fix  your  aims  and 
your  thoughts  chiefly  on  the  great  ends  of  life.  **— Horace  Mann. 


PART  II. 

THE  MINOR  DETAILS  OF  ALIGNMENT, 


CHAPTER   VI. 


THE  NATURE    AND   RELATIVE   IMPORTANCE  OF  THE  MINOR  DETAILS 

OF    ALIGNMENT. 

109.  The  three  details  of  alignment  which  are  properly  to  be 
:lassed  as  minor  details  are  the  following: 
z.  Distance,  or  length  of  line. 

2.  Curvature,  not  sharp  or  so  ill-placed  as  to  limit  the  length 
>r  necessary  speed  of  trains,  but  only  to  increase  the  expense  of 
running  trains. 

3.  Rise  and  Fall,  or  elevations  overcome  by  the  engine  on 
j^adients  not  exceeding  in  resistance  the  maximum  of  the  road, 
md  hence  not  limiting  the  length  of  the  train. 

160.  These  are  termed,  collectively,  the  minor  details,  for  the 
reason  that  their  influence  is  comparatively  trifling  upon  the 
future  of  the  property  in  comparison  with  two  other  details  of 
>verwhelming  importance,  viz.: 

I.  The  AMOUNT  of  traffic  which  the  line  has  been  or  may  be 
idapted  to  secure  (often  very  largely  and  even  ruinously  affected 
>y  the  location,  for  reasons  discussed  in  Chapter  III.,  the  fol- 
owing  Chapter  VII.,  and  Chapter  XXL),  and 

3.  The  ruling  gradients  or  other  causes,  whatever  they  may 
>e,  which  limit  the  weight  and  length  of  trains,  and  so  play  the 
:hief  part  in  fixing  the  cost  of  handling  the  traflic.  These  causes 
U'e  considered  in  Part  III.  of  this  volume,  under  the  general 
lead  of  '^  Limiting  Gradients  and  Curvature." 

To  characterize  three  such  details  as  distance,  curvature,  and 
ise  and  fall  as  minor  details,  either  separately  or  collectively, 
iocs  some  violence  to  popular  impressions,  which  exist  even 
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among  engineers.  It  will  therefore  be  well  that  we  should  first 
see,  by  a  "  bird's-eye  view'*  of  the  subject,  free  from  all  detail, 
why  the  designation  is  a  proper  one,  nevertheless. 

161.  The  ideal  line  for  a  railway  between  any  two  points  is 
popularly  felt  to  be  a  right  line  between  the  two  termini.  This 
may  even  be  found  stated  as  an  axiom  in  some  engineering  works, 
and  in  a  strictly  engineering  sense  it  is  true.  If  it  were  true  in 
every  sense,  it  should  follow  that,  in  proportion  as  a  line  deviates 
therefrom,  it  is  bad ;  and  since  the  three  details  classified  as 
"  minor"  include  every  possible  deviation  therefrom  in  either  of 
the  three  dimensions  of  space, — curvature  representing  lateral 
deviations ;  rise  and  fall,  vertical  deviations  ;  and  distance,  lon- 
gitudinal deviations,— the  three  together,  far  from  being  minor 
details,  seem  naturally  to  represent  or  include  all  the  conditions 
which  make  a  line  good  or  bad.  This  view  is  so  far  plausible, 
that  it  is  asserted  or  implied  to  be  the  true  one,  not  only  in  com- 
mon talk,  but  in  technical  discussions  or  writing^s.  "A  short, 
straight  line  was  obtained,  with  few  curves  or  high  elevations," 
will  pass  very  generally  as  a  description  of  what  must  be  an  ex- 
cellent line. 

Yet,  as  a  matter  of  fact,  this  view  is  wholly  erroneous — so 
gravely  erroneous  that  the  excellence  or  badness  of  the  line  in 
all  the  minor  details  put  together,  within  wide  limits,  has  com- 
paratively a  very  slight  influence  on  its  value  as  an  investment 
or  on  its  usefulness  to  the  public. 

162.  We  shall  see  why  this  is  true  of  each  detail  separately,  as 
we  come  to  consider  each  in  detail.  To  see  why  it  is  true  of  all 
three  put  together,  let  us  take  the  case  of  two  railways  be- 
tween the  same  points — one  a  little  shorter,  a  little  less  crooked, 
and  with  a  little  less  up  and  down  in  its  gradients;  but  suppose 
them  both  to  have  cost  the  same  money,  to  have  the  same  tribu- 
tary population,  to  be  able  to  haul  the  same  trains  with  the  same 
engines,  and  to  make  the  same  time  between  termini.^  These 
conditions  obtain  in  many  instances,  and  may  conceivably  in  all. 
Nay,  we  might  even  extend  our  parallel,  and  assume  that  there 
are  considerable  differences  in  one  or  the  other  of  the  minor 
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letails  between  the  two  lines,  but  always  on  the  condition  that 
hey  still  remain  minor  details  as  already  defined,  in  that  they 
lo  not  affect  the  sources  of  traffic  nor  the  amount  of  traffic  which 
imn  be  handled  by  one  train. 

163.  Which  of  these  two  lines  is  the  best  property  ?  It  is  a 
nmtter  of  the  merest  chance — a  mere  question  of  management, 
Mr  of  business  shrewdness  in  effecting  connections.  The  differ- 
ence in  the  minor  details  will  beyond  doubt  be  of  large  absolute 
importance,  but  will  have  so  trivial  an  effect  comparatively  that 
It  will  hardly  enter  into  the  question  at  all. 

164.  This  results  simply  from  the  broad  general  fact  that  those 
details  affect  only  the  cost  per  trip  of  running  trains^  and  that  but 
Ml^Mifyf  while  they  do  not  reduce,  nor  in  any  manner  affect 
(within  wide  limits),  either  the  work  done  or  the  revenue  earned 
by  each  train.  It  is  now  abundantly  established  by  experience 
that  the  effect  of  those  details  on  the  direct  cost  per  trip  or  per 
mile  of  running  trains  is*  an  exceedingly  small  percentage  of  the 
aggregate,  within  the  widest  limits  of  deviation  which  exist  in 
practice.  As  for  distance  :  the  additional  cost  of  running  a  few 
more  miles  is  but  a  small  portion  of  the  average  cost,  and  is 
always  counterbalanced  by  the  receipts  of  some  additional 
revenue — often  enough  to  make  the  advantage  greater  than  the 
disadvantage,  and  always  enough  to  greatly  reduce  the  disad- 
vantage. As  for  curvature,  and  rise  and  fall :  it  is  now  estab- 
lished beyond  all  question  that  no  considerable  difference  in  the 
aggregate  expenses  per  train-mile  on  different  railways,  or  on 
different  divisions  of  the  same  railway,  can  be  detected,  which  is 
clearly  due  to  differences  in  the  amount  of  curvature,  or  rise  and 
fall,  even  when  very  marked  differences  in  those  details  exist. 
Tables  75  to  80,  as  well  as  Table  83,  afford  cumulative  evidence 
of  this  fact,  which  has  been  commented  on  at  intervals  from  the 
very  beginning  of  railroad  history.  One  of  the  earliest  records 
of  the  fact  16  the  following  statement  of  the  eminent  English 
engineer  Mr.  Charles  B.  Vignoles,  formerly  President  of  the  In- 
stitution of  Civil  Engineers,  as  quoted  with  approval  in  Demp- 
sey's  "Practical  Railway  Engineer**  (p.  11). 
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165.  "Mr.  Vignoles  stated  in  a  paper  before  the  British  AssociKkn 
for  ihe  Advancement  of  Science  that  he  had  analyzed  railway  eipensa 
of  working,  and  the  average  eipenses  of  a  train-mile,  as  deduced  fraa 
several  years'  experience  and  observation  on  various  railwajrs  opcfatii^ 
under  different  circumstances  and  with  greatly  difierent  gradients.  Tbc 
result  was  tbat  on  passenger  and  light  traffic  lines  the  total  cost  of  ai 

Table  03 
AvKRAOB  Cost  Pb«  Traw-Milk  of  runkins  Engines  on  the  srmu 
Divisions  (difveking  widely  in  the  Amount  or  Cukvati:ire  and  Ria 
AND  Fall)  of  the  Pennsvlvania  and  Philadelphia  &  Ekie  Raileoui. 
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mile  averaged  y,  per  mile — us.  6d.  being  the  least,  and  ys.  4//.  the  great- 
;  and  that  this  average  seemed  to  hold  good  irrespective  of  grades  and 
[in  italics  as  quoted].  It  was  not  found  practicable  to  distinguish 
the  additional  expense,  if  any;  but  as  three  fourths  of  railway  expenses 
were  quite  independent  of  these  causes,  such  additions  must  be  small." 

166.  The  essential  truth  of  this  statement  has  been  growing 
better  and  better  established  with  time  to  the  present  day,  and 
we  shall  readily  find  evidence  that  it  even  understates  the  facts 
when' we  come  to  consider  the  effect  of  these  details  in  the 
separate  items  of  railway  expenditure.  From  this  it  does  not 
follow  that  these  details  have  no  important  effect  on  expenses. 
They  do  have  an  important  effect,  which  increases  by  a  large 
percentage  certain  single  items  of  expenses,  and  is  readily  traced 
therein.  But  they  always  add  only  a  trifling  percentage  to  the 
aggregate  expenses,  even  when  very  marked  differences  exist. 

167.  And,  moreover,  the  important  further  fact  must  be 
remembered  that,  as  respects  any  one  line,  there  can  be  at  most, 

we  began  by  assuming  (par.  162),  only  a  "little"  difference  in 


Fics* 

the  oiinor  details,  for  the  vastest  expenditure  cannot  effect  much 
more.  No  possible  expenditure  can  eliminate  curvature  alto- 
gether and  give  a  continuous  right  line  AB^  Fig.  5,  of  any  con- 


Fic.  6. 


siderable  length,  in  place  of  the  curved  line  shown,  nor  make 
much  more  reduction  in  it  than  is  indicated  by  the  dotted  line  in 
Fig.  5;  nor  can  we  make  more  than  a  small  difference  in  distance 
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ordinarily,  nor  have  we  more  than  the  choice  between  the  grade- 
lines  b  and  c^  Fig.  6  saving  a  mere  fraction  of  the  rise  and  fall 
The  grade-line  tf,  taking  out  all  the  rise  and  fall  between  A  and 
B^  is  rarely  a  financial  or  physical  possibility. 

168.  For  these  reasons,  assuming  what  cannot  always  be 
assumed,  that  the  engineer  has  first  done  well  in  putting  his  line 
upon  the  ground  so  as  to  avoid  unnecessary  distance,  curvature, 
and  rise  and  fall  (i.e.,  that  which  might  have  been  eliminated 
without  expense),  to  eliminate  altogether  even  "  little"  differences 
in  the  minor  details  will  ordinarily  involve  an  immense  expense. 
But  grant  them  all  to  have  been  eliminated,  without  expense, 
from  the  least  favored  of  the  two  lines  which  we  began  by  assum- 
ing (par.  162),  and  let  us  see  with  somewhat  more  detail  to  what 
extent  it  will  be  benefited  thereby.  (For  a  more  exact  estimate 
see  Chap.  X.) 

It  will  not  reduce  the  interest  charge,  even  if  it  do  not  (as  it 
ordinarily  must)  increase  it,  and  that  takes,  say,  one  third  of  the 
receipts.  As  respects  the  remaining  two  thirds  of  the  receipts, 
which  includes  what  are  ordinarily  termed  "operating  expenses:" 
It  will  not  reduce  the  number  of  trains,  for  the  length  of  trains 
is  not  affected  by  them.     Consequently, 

It  will  not  reduce  train  wages  and  supplies,  which  are  (Table 
80)  some  17  per  cent  of  the  expenses ; 

It  will  not  reduce  station-agent's  wages,  nor  station  labor^ 
nor  the  salaries  of  the  general  officers  and  clerks,  nor  taxes,  nor 
terminal  expenses,  and  these  constitute  some  30  per  cent  of  the 
expenses  : 

It  will  somewhat  affect  repairs  of  engines  and  cars,  fuel,  oil 
and  water,  and  maintenance  of  way,  aggregating  some  53  per 
cent  of  the  operating  expenses  ;  but 

169.  It  will  not  affect  that  portion  of  the  cost  of  fuel  and 
engine  and  car  repairs  which  is  due  to  yard  and  station  work, 
stopping  and  starting,  wear  of  paint  and  rotting  of  wood,  natural 
running  wear  over  the  rest  of  the  possible  line,  injury  to  boilers 
from  cooling  off,  care  and  maintenance  of  shops  (except  in  an 
indirect  and  trivial  way),  etc.,  etc.  These  causes  together  in- 
clude an  immense  proportion  of  the  total  of  these  items. 
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We  have  seen  (par.  142)  that  something  like  28  per  cent  of 
the  locomotives  of  New  York  State  are  used  for  yard  work  only, 
besides  which  a  large  proportion  of  the  wear  and  tear  and  waste 
of  power  of  engines  in  regular  service  comes  from  yard  work 
and  stopping  and  starting.  Precisely  how  much,  we  will  not 
now  consider ;  but  it  will  be  plain  in  a  general  way  that  only  a 
minute  percentage  of  even  the  cost  of  engine  and  car  repairs  can 
be  saved  by  improvements  of  line  which  do  not  reduce  the  num- 
ber of  trains  required. 

Then  as  to  maintenance  of  way:  All  that  degeneration  which 
comes  from  the  elements,  from  the  decay  of  ties,  from  the  growth 
of  weeds;  expenses  for  maintaining  frogs,  switches,  sidings, 
yards>  stations,  bridges,  culverts,  crossings,  signals,  track-walkers 
(for  the  most  part),  track-watchmen,  hand*cars,  fences,  etc.,  are 
virtually  unaffected,  or  nearly  so,  by  any  modifications  of  line 
(except  distance)  which  are  within  the  power  of  the  engineer  to 
effect,  as  is  likewise  that  portion  of  the  wear  of  rails,  ties,  and 
surfacing  which  would  exist  on  the  best  possible  line,  and  which 
b  on  any  long  line  (for  none  are  everywhere  unfavorable)  by  far 
the  larger  part  of  it. 

170.  There  remains,  therefore,  only  a  very  small  fraction  of 
about  half  the  operating  expenses,  or  a  very  small  fraction  of 
one  third  of  the  revenue,  which  varies  directly  with  the  minor 
details  of  alignment,  whereas  a  full  half  (in  round  figures)  of  the 
operating  expenses  or  a  full  third  of  the  revenue  varies  directly 
with  the  number  of  trains.  The  smaller  loss  is  still  enough  to 
justify  and  require  the  utmost  care  of  the  engineer  to  avoid  it, 
but  it  is  not  enough  to  make  it,  ordinarily,  anything  but  the 
worst  of  bad  judgment  to  sacrifice  the  securing  of  good  limiting 
gradients,  or  the  reaching  of  more  traffic  points,  to  get  "a  short, 
straight,  and  level  line,"  which  may  or  may  not  mean  a  good  line, 
for  we  shall  see  (Part  III.)  that,  although  a  tolerably  "  level "  line 
passing  over  low  summits  ordinarily  means  one  with  low  ruling 
grades,  yet  that  the  two  have  no  very  exact  relation  to  each 
other. 

171.  We  may  further  enforce  the  very  important  moral  of  the 
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comparative  unimportance  of  the  minor  details  of  alignment  by 
what  is  really  a  close  parallel  from  ordinary  business  life  : 

Let  us  assume  the  case  of  a  large  wholesale  house  which 
sends  out  its  **  drummers"  to  all  parts  of  the  country  to  obtain 
business.  Every  time  it  sends  one  out  it  has  a  reasonable  cer- 
tainty of  selling  something  and  a  possibility  of  selling  a  good 
deal.  Such  a  house  may  be  compared  to  a  railway  corporation, 
which  sends  out  its  trains  to  secure  a  certain  minimum  but 
varying  maximum  of  traffic. 

Now  in  the  conduct  of  such  a  business  there  are  three 
ends : 

1.  To  sell  all  the  goods  possible. 

2.  To  dispense  with  all  the  miles  of  travel  possible. 

3.  To  reduce  the  cost  of  travel  per  mile. 

So  in  planning  a  railway  there  are  these  three  ends,  precisely 
analogous  to  the  former  in  their  nature,  and  as  nearly  as  may  be 
in  degree : 

1.  To  sell  all  the  transportation  possible. 

2.  To  dispense  with  all  the  train-miles  possible. 

3.  To  reduce  the  cost  of  running  trains  per  mile. 

172.  Of  all  the  three  ends  sought  in  the  drumming  business, 
the  least  important — the  minor  detail  of  the  drumming  busi- 
ness— is  to  reduce  the  direct  cost  of  travelling;  the  expenditures 
for  railway  and  sleeping-car  fares  and  to  hotels.  Not  that 
they  are  unimportant,  for  the  firm  which  was. reckless  about 
them  might  readily  be  ruined  ;  but  they  are  a  minor  detail,  of 
small  effect  upon  the  ultimate  result,  vrhether  they  be  large  or 
small,  if  the  business  as  a  whole  be  well  planned  and  well  con- 
ducted ;  and  the  firm  which  should  concentrate  its  attention 
upon  them,  giving  its  thought  to  selecting  routes  where  the 
travelling  expenses  per  day  or  per  mile  were  small,  to  the  neglect 
of  the  more  important  question  of  securing  more  business  or 
reducing  the  amount  of  travel  required,  whether  its  cost  per  mile 
or  per  day  were  large  or  small,  would  be  justly  deemed  on  the 
road  to  ruin. 

No  doubt  many  have  been  so  ruined,  for  the  petty  end  which 
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the  dullest  mind  cannot  fail  to  perceive  and  comprehend  may 
(ill,  from  that  fact,  an  unduly  large  arc  in  the  mental  horizon  of 
many. 

173«  And  so  not  only  some  but  many  railways  may  be,  as 
they  have  been,  ruined  as  productive  properties  by  the  undue 
importance  given  by  engineers  to  the  minor  details  of  align- 
ment :  those  details  which  do  not  add  at  all  to  the  traffic  of  the 
Une,  and  which  do  not  reduce  at  all  the  number  of  trains  needed 
to  handle  it,  but  which  simply  effect  a  "  picayune  "  saving  in  the 
cost  per  mile  run ;  a  saving  which  is  often  so  slight  as  to  be 
imperceptible,  which  still  more  often  adds  to  the  interest  charge 
more  than  it  saves,  and  not  infrequently,  as  we  shall  see,  results 
in  a  negative  saving,  or  absolute  loss  from  the  larger  expendi- 
ture. 

As  a  matter  of  fact,  the  first  and  most  important  end  in  the 
conduct  of  the  drumming  business  is  to  get  all  the  business  possible : 
everything  else — both  the  drummer's  time  and  his  expendi- 
tures— is  subordinate  to  that,  because  if  the  end  is  not  secured 
the  means  must  necessarily  be  bad.  So  with  a  railway  corpora- 
tion :  the  first  and  most  important  end,  when  there  is  any  great 
difference  between  routes,  is  to  put  the  line  where  there  will  most 
business  come  to  it. 

174.  And,  finally,  the  second  most  important  end  in  the  drum- 
ming business  is  to  obtain  the  most  business  with  the  least 
possible  aggregate  of  travel,  because  avoidable  travelling  is 
expensive,  not  only  from  its  direct  cost,  but  from  its  waste  of 
the  drummer's  time  and  possible  earnings  in  more  productive 
localities.  If  in  any  possible  way  one  drummer  can  be  made  to 
do  the  work  of  two,  or  two  drummers  the  work  of  three,  the 
economy  is  so  g^eat  that  any  probable  or  possible  difference  in 
the  drummer's  expenses  per  mile  will  hardly  affect  the  question 
at  alL  So  with  a  railway  corporation:  the  second  most  important 
end  is  to  do  their  business  with  the  least  number  of  trains  per 
mile,  because  making  one  train  do  what  two  did  before  saves  all 
the  expense  of  the  extra  train,  whereas  cutting  out  some  curva- 
ture or  distance  will  only  save  a  part  of  it — and  a  very  small 
13 
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part.  Until  all  has  been  done  which  can  be  done,  therefore,  to 
reduce  the  number  of  trains  required,  it  is  hardly  worth  while  to 
give  a  thought  to  reducing  the  expenses  per  train-mile.  After- 
wards it  becomes  proper  and  important  to  reduce  the  latter  also, 
to  the  extent  that  is  permissible  without  encroaching  on  the  two 
more  important  ends  ;  to  get  the  business  to  carry  and  to  make 
a  few  trains  carry  it. 

175.  The  student  can  do  no  more  profitable  thing  to  qualify 
himself  for  the  correct  conduct  of  location  than  to  ponder  over 
the  parallel  thus  drawn  until  it  is  clearly  perceived  to  be  essen- 
tially true,  not  only  in  substance  but  in  degree;  until  he  clearly 
perceives  that  the  three  ends  of  getting  business,  of  saving  need- 
less travel,  and  of  reducing  the  direct  mileage  expenditures 
should  occupy  about  an  equal  proportion  of  the  attention  of  an 
engineer  building  a  railway  and  a  drummer  building  up  trade. 
Each  is  important.  No  one  of  them  can  be  safely  neglected ; 
but  each  in  the  order  given  is  far  more  important  than  the  other. 

Why  this  is  so  in  railway  business  appears  more  in  detail  in 
the  three  following  chapters. 


it. 


CHAPTER  VII. 


DISTANCE* 


176.  The  effect  of  a  variation  in  the  length  of  a  railway  on  the 
value  of  the  property  we  have  seen  (Chap.  III.)  to  be  peculiar  in 
this — that,  alone  among  all  the  details  of  alignment,  it  has  a 
direct  and  material  effect,  not  only  on  expenses,  but  on  the  reve- 
nue or  receipts,  which  tends  very  materially  to  reduce  its  finan- 
cial disadvantage.  As  a  contrary  view,  leading  to  a  feeling  that 
any  longer  distance  between  termini  is  an  unmitigated  mis- 
fortune, and  a  great  one,  is  common  even  with  engineers  and 
practical  railroad  men,  and  as  this  view  is  as  mistaken  as  it  is 
common,  and  leads  to  much  mistaken  action,  it  will  be  well,  be- 
fore proving  affirmatively  that  this  view  is  an  error,  to  point  out 
the  nature  and  source  of  the  error  (which  is  easily  enough  seen), 
since  the  presumption  is  strong  that  any  view  which  is  widely 
held  is  a  true  one. 

177.  Its  origin  lies  in  a  series  of  plausible  non-sequiturs,  which 
are,  in  a  few  words,  these — no  one  of  them  being  true  : 

1.  Rates  are  (usually  and  whenever  possible)  fixed  at  so  much 
per  mile,  because  (fallacy  i)  it  costs  so  much  per  mile  to  transport 
the  passenger  or  freight.  Ten  per  cent  more  or  less  distance 
means  ten  per  cent  more  or  less  fare,  and  "  necessarily"  (fallacy 

2)  ten  per  cent  more  or  less  expense. 

2.  But  on  our  particular  railway  the  service  rendered  is  just 
as  valuable,  if  transportation  be  furnished /r^w  the  point  desired 
to  thc'point  desired,  whether  the  intermediate  distance  be  90 
miles  or  100  miles,  and  hence  (by  a  long  but  unconscious  jump 
over  a  vast  hiatus  in  the  reasoning)  we  shall  "  of  course"  (fallacy 

3)  receive  the  same  money  for  it.     Therefore,  necessarily, 
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3.  All  extra  distance  adds  greatly  to  the  cost  of  the  service 
(fallacy  i  and  2);  adds  nothing  to  the  value  of  the  service  (true 
enough  with  certain  limitations);  hence  adds  nothing  to  revenue 
(fallacy  3),  and  hence  is  among  the  greatest  of  disadvantages: 
Q.  E.  D. 

Tlie  truth  is,  not  one  single  item  of  railway  expenditure,  large 
or  small,  not  even  fuel  or  wear  of  wheels,  varies  in  direct  ratio 
with  distance,  or  in  anything  like  direct  ratio,  and  more  than 
half  of  them  are  very  slightly  if  at  all  affected  thereby.  On  the 
other  hand,  a  very  large  proportion — on  some  railways  almost  the 
whole — of  the  receipts  does  vary  directly  with  the  distance. 

178.  The  reason  why  rates  are  so  generally  based  more  or  less 
directly  on  distance  hauled,  and  on  nothing  else  except  necessity, 
is  not  in  the  least  that  it  is  a  primary  factor  in  the  cost  of  the 
service,  but  simply  this:  The  sale  of  transportation,  like  the 
sale  of  any  other  commodity,  is  governed  by  the  one  universal 
business  law  of  selling  whatever  is  salable  as  dearly  as  possible 
(or  at  least  as  dearly  as  is  prudent  and  wise),  regardless  of  the 
cost  of  production.  The  selling  price  of  no  marketable  com- 
modity, whether  transportation  or  houses  or  cotton  cloth,  is  fixed 
by  the  cost  of  production,  except  that  if  it  will  not  bring  a  pro- 
fit on  its  cost  it  is  no  longer  produced  ;  and  for  railways  any 
such  attempt  would  be  particularly  senseless,  for  the  reason  that, 
as  we  have  elsewhere  seen  (par.  40,  181),  the  cost  of  any  par- 
ticular sale  of  transportation  may  be  considered  as  varying  any- 
where from  zero  upwards  ;  depending,  to  a  far  greater  extent 
than  in  any  other  commercial  transaction,  simply  upon  the 
amount  that  can  be  sold. 

179.  Thus  it  has  happened  that  the  distance  transported  has 
been  made  the  basis  for  tariffs  (when  they  have  any  basis  what- 
ever other  than  the  amount  which  it  is  possible  to  collect),  as 
measuring  in  a  rude  way,  not  the  cost  of  the  service,  but  the 
consumer's  idea  of  its  value.  In  point  of  fact,  the  distance  trans- 
ported is  but  one  of  many  circumstances — and  certainly  not 
the    most    important — which    fix    the   cost  of    transportation. 
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Grades,  curvature,  cost  of  construction,  terminal  expenses,  vol- 
ume of  traffic,  whether  the  cars  return  full  or  empty — all  these 
have  very  much  more  to  do  with  the  cost  of,  service  than  the 
mere  distance  transported,  but  they  are  entirely  neglected  in  fix- 
ing schedules  of  rates,  simply  because  the  consumer  is  not  con- 
scious of  receiving  any  value  when  he  is  transported  over  curva- 
ture or  grades,  but  is  conscious  of  receiving  value  when  he  is 
transported  over  distance.  For  this  very  humble  reason  only, 
and  not  because  there  is  any  natural  equity  in  it,  the  railway 
taxes  him  for  the  one  service  and  not  for  the  other,  so  that  it  may 
even,  to  a  certain  extent  and  under  certain  circumstances,  and  so 
long  as  those  circumstances  continue,  be  a  positive  advantage  to 
a  line  to  have  a  few  miles  of  extra  distance,  especially  when  ad- 
ditional way  traffic  is  thereby  secured. 

180.  The  mere  possibility  of  such  effect  makes  it  invariably 
necessary,  in  considering  the  effect  of  distance,  to  consider  its 
effect  on  revenue  as  well  as  on  expenses,  even  if  the  former  be 
considered  only  to  be  disregarded.  To  disregard  it  is  often  the 
only  proper  course,  for  this  reason  if  no  other  :  As  a  question 
purely  of  public  policy — that  is  to  say,  if  the  interests  of  the 
corporation  were  in  all  respects  strictly  identical  with  the  in- 
terests of  the  community  as  a  whole — the  effect  of  distance 
upon  operating  expenses  would  be  the  only  one  which  there 
would  be  need  to  consider,  and  its  effect  on  revenue  should  not 
be  considered  at  all.  For  since  the  real  service  rendered  and 
paid  for  is  the  transportation  of  persons  or  property  from  one 
terminus  to  another,  the  precise  length  of  track  between  the  two 
should  have  no  more  effect  upon  the  price  paid  than  the  precise 
amount  of  curvature  or  rise  and  fall,  and  much  less  than  the  rates 
of  ruling  grades.  All  should  be  considered  or  none  should  be. 
And  even  in  the  case  of  railways  constructed  by  private  en- 
terprise for  pecuniary  profit,  although  the  fact  that,  both  by  law 
and  by  fixed  custom,  there  is  a  certain  credit  side  to  the  disad- 
vantages of  a  circuitous  route  and  not  to  Other  disadvantages 
is  entitled  to  a  certain  legitimate  weight,  yet  the  nature  of  this 
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credit  side  greatly  affects  the  expediency  of  relying  on  it ;  for 
it  is  obtained,  not  by  rendering  more  valuable  service,  nor  by 
decreasing  the  cost  of  the  service,  but  by  the  corporation  avail- 
ing itself  of  an  arbitrary  custom  to  transfer  a  i>ortion  of  the 
burden  arising  from  one  element  of  an  unfavorable  line  (and 
not  of  others)  from  its  own  shoulders  to  the  public  at  large,  or 
to  its  connecting  companies. 

Moreover,  this  is  a  variable  power,  which  does  not  always  exist 
at  all.  We  will  therefore,  for  the  present,  postpone  all  discussion 
of  that  side  of  the  question,  and  neglect  it  wholly,  until  we  have 
determined  the  effect  of  distance  upon  operating  expenses. 

181i  As  illustrating  the  vastly  greater  effect  of  other  causes  than  distance  on 
the  cost  of  transportation: 

Wm.  von  N3rdling,  one  of  the  most  eminent  of  Austrian  engineers,  in  a 
study  on  the  cost  of  railway  transportation,  apropos  of  a  proposition  for  con- 
structing large  canals  to  connect  the  Danube  with  the  Oder  and  the  Elbe, 
submits  some  interesting  calculations,  in  which  he  avoids  the  mistake  so 
commonly  made  in  such  calculations  (and  oftener  in  Europe  than  elsewhere) 
of  calculating  the  average  cost  per  mile  of  transportation  on  the  railroad,  and 
assuming  that  to  be  the  measure  of  the  cost  of  transporting  any  greater  or  less 
amount  of  traffic  any  greater  or  less  distance. 

After  calculating  that  the  average  cost  per  ton  per  mile  on  the  Theiss  Rail- 
way of  Austria,  in  1875,  was  0.98  cent,  exclusive  of  loading  and  unloading,  be 
finds  that  additional  freight  under  ordinary  conditions  would  have  cost  0.457 
cent;  with  cars  full  one  way  and  returning  empty,  0.392  cent;  and  full  both 
ways,  0.286  cent  per  ton  per  mile;  while  back  load  for  cars  that  otherwise  would 
return  empty  would  have  added  only  0.180  cent  per  ton  per  mile  to  the  expenses. 

THE   EFFECT   OF   DISTANCE   ON   OPERATING   EXPENSES. 

182.  The  cost  of  operating  additional  distance  not  only  is 
not  the  same  per  mile  as  the  average  cost,  but  is  not  even  a  con- 
stant quantity  per  unit  of  additional  length;  that  is  to  say,  is 
by  no  means  the  same  per  mile  when  the  addition  to  be  consid- 
ered is  one  mile  as  when  it  is  twenty.  With  the  small  changes 
of  distance  which  most  frequently  occur,  the  number  of  yearly 
trips  of  rolling-stock,  the  number  of  buildings  and  sidings,  and 
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the  considerable  class  of  expenditures  which  vary  therewith,  re- 
main practically  constant,  as  well  as  (very  frequently)  train 
wages,  and  are  not  perceptibly  affected  until  the  change  of 
length  amounts  to  a  considerable  percentage.  How  much  such 
RELATIVELY  SMALL  CHANGES  OF  LENGTH  affect  expenscs  we  shall 
first  consider. 

183.  Maintenance  of  Way. — The  entire  cost  of  maintenance  of 
nray  proper  (excluding  yards  and  structures)  may,  without  any  serious 
exaggeration,  be  considered  as  varying  with  changes  of  distance  as  great 
is  2  or  3  miles;  but  it  is  not  true,  even  of  such  items  as  track  labor  and 
track  watchmen,  that  they  are  appreciably  affected  by  variations  of  a  few 
liundred  feet,  or  even,  sometimes,  of  as  much  as  half  a  mile  in  distance. 
This  results  froifl  the  fact  that  the  cost  of  track  labor  is,  and  will  be  still 
more  in  the  future,  fixed  by  other  causes  than  the  precise  amount  of  labor 
to  be  performed.  It  is  essential  for  safety  that  there  should  be  a  gang  of 
men,  large  enough  to  handle  a  hand-car  and  put  in  a  rail,  every  5  or  6 
miles;  and  to  this  end,  in  practice,  the  road  is  divided  up  into  an  even 
number  of  sections  of  about  that  length,  and  a  minimum  number  of  men 
issigned  to  each,  whose  duty  during  a  large  portion  of  the  year  is  simply 
Bratchfulness  and  "tinkering."  It  is  only  during  a  few  months  in  the 
spring  and  sumqier  that  the  amount  of  labor  put  upon  the  track  varies 
strictly  with  the  distance. 

It  is  safer,  however,  to  consider  that  all  track  and  road-bed  expenses 
[15  cts.  or  per  cent — Table  80)  will  vary  directly  with  distances  large 
enough  to  be  measured  by  miles  or  quarter- miles,  as  they  will  certainly 
\o  when  the  distances  become  as  great  as  of  2  or  3  miles ;  but  for  dis- 
;ances  of  a  few  feet  or  stations  there  is  no  reasonable  possibility  that 
>ther  items  than  rail  wear,  tie  renewals,  ballast,  and  fencing  will  increase 
n  direct  ratio. 

184.  Fuel. — A  very  considerable  percentage  of  the  consumption  of 
uel  is  a  constant  wastage  independent  of  the  exact  distance  run.  The 
:ost  of  kindling  fires  alone  averages  8  or  10  per  cent  of  the  total,  as 
hown  in  Table  84.  A  fire-box  full  of  coal  is  wasted  every  time  the  fire 
s  drawn,  which  was  formerly  about  every  100  miles  run,  but  is  now,  on 
n  average  of  a  whole  road,  nearer  to  every  1000  miles,  owing  to  the  in- 
roduction  of  the  practice  of  banking  fires,  especially  with  the  long-trip 
v'Stem.  This  practice  saves  no  fuel,  however,  but  rather  wastes  some, 
s  advantage  being  wholly  in  saving  of  time  and  of  injury  to  the  loco 
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Table  84. 

Srowino  the  Relativb  Cost  of  Wood  for  Kindung  on  the  Philadel* 
PHiA  &  Reading  Railroad  for  a  Series  of  Years. 


Ybak. 

Pbrcbntacb  op  thb  Cost  op 

Kindling-wood  to  Rb- 
MAiNiNG  Cost  op  Fubl. 

Pricbs  op  Fubu 

Wood  for  Kindling. 

Passenger 
Trains. 

Freight 
Trains. 

Coal 
Trains. 

Wood 
per  Cord. 

Coal 
per  Ton. 

1867 

1869 

1873 

14.2 
8.8 

9.7 

10. 

6.4 
6.2 

5*1 
3.6 

4.1 

$5  79 
5  50 
5  94 

$3  15 
3  80 

3  25 

Passenger  trains,  .I3c'd. 
Freight         "       .15  " 
Coal              "        .22  " 

Average. 

10.9 

7.5 

4.3 

$5  74 

$3  40 

« 

The  above  does  not  include  the  cost  of  any  coal  used  in  kindling.  The  consamptioD 
of  wood  seems  very  small  ^  Mr.  Trautwine  ('*  Engineers*  Pocket  Book,**  p.  8io)  gives  H 
cord  as  the  average  consumption. 

When  this  road  was  using  wood  fuel  entirely,  passenger  trains  used  2.7  cords  per  lOO 
miles,  or  about  2^  cords  per  daily  run  of  93  miles.  Allowing  ^  cord  for  getting  up 
steam  would  amount  to  exactly  10  per  cent. 

Mr.  William  Stroudlev,  Loc.  Supt.  London,  Brighton  &  South  Coast  Railway, 
in  a  paper  before  the  Institution  of  Civil  Engineers  (1885)  shows  that  the  number  of 
pounds  of  coal  burned  to  raise  100  lbs.  of  steam  from  water  at  70*  F.  was  about  450  lbs., 
equivalent  to  from  3  to  4  lbs.  of  coal  per  train-mile  when  kindling  fires  once  a  week,  or 
every  650  to  800  miles  run.  This  amounts  to  almost  exactly  10  per  cent  of  the  total 
quantity  of  coal  burned  per  mile.  He  gives  also  tables  showing  that  his  passenger  engines 
spend  nearly  half  the  time  that  they  are  nominally  in  service  either  in  switching  or  standing 
still  (mostly  the  latter),  and  only  half  the  time  running. 


motive  from  expansion  and  contraction.  This  terminal  wastage  alone 
will  average,  therefore,  some  400  or  500  pounds  per  100  miles,  sufficient 
to  run  a  locomotive  5  10  10  miles,  or  5  to  lo  per  cent  of  the  total  con- 
sumption. Whether  the  fires  are  drawn  or  not,  a  fire-box  full  of  coal  at 
least,  and  usually  more,  is  wasted  at  the  end  of  every  trip. 

185.  The  consumption  due  to  stopping  and  starting  and  to  standing 
idle  in  yards  and  on  side  tracks  is  also  a  heavy  item,  and  may  be  considered 
as  nearly  independent  of  distance  in  the  case  of  two  nearly  equal  lines 
operated  with  the  same  number  of  stops  and  sidings  between  the  same 
termini.  The  direct  amount  of  loss  of  power  m  stopping  a  train  run- 
ning at  15  miles  an  hour  is  sufficient  to  lift  it  vertically  nearly  8  feet,  as  will 
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t  seen  in  Table  ii8,  and  at  30  miles  an  hour  four  times  that  height,  or 
early  32  feet.  The  rolling  resistance  of  a  loaded  freight  or  passenger 
"aio  in  motion  on  a  level  being,  as  will  be  seen  hereafter,  equivalent  to 
lat  of  a  grade  of  less  than  16  feet  per  mile,  we  haxre,  from  stopping  and 
tarting  only,  a  waste  of  power  sufficient  to  run  the  train  one  half  mile 
1  the  one  case  and  two  miles  in  the  other,  causing  a  loss  for  an  average 
amber  of  stops  for  stations  and  crossings  of  something  very  close  to  10 
ler  cent  of  the  total  consumption.  In  such  extreme  cases  as  the  Manhat- 
an  (elevated)  Railway  of  New  York,  where  there  are  stations  about  every 
hree  eighths  of  a  mile,  very  nearly  three  quarters  of  the  total  consump- 
ion  of  fuel  has  been  shown  to  be  due  to  this  cause.  As  to  the  wastage 
vfaile  standing  idle,  experiments  made  by  Mr.  Reuben  Wells  show  that 
in  engine  with  jacketing  in  perfect  order,  standing  idle  all  day  long  in  a 
fard,  wholly  protected  from  wind  and  using  no  steam  in  the  cylinders, 
requires  from  25  to  32  lbs.  of  coal  per  hour  to  keep  up  steam  in  the 
t>oiler,  or  nearly  enough  to  run  it  a  mile  in  service.  For  the  short  stops 
in  actual  service  at  least  twice  this  amount  per  hour  is  probably  wasted, 
including  what  is  blown  out  of  the  safety  valve,  owing  to  all  parts  of  the 
engine  being  hot,  and  a  surprisingly  great  amount  of  time  is  spent  on  an 
average  freight  trip,  and  even  passenger  trips,  in  simply  standing  still. 
It  will  average  over  4  hours  per  day,  if  not  more,  in  freight  service  on 
lingle-track  roads,  not  including  the  time  lost  at  ttie  beginning  and  end 
of  the  trip ;  and  on  the  very  fastest  express  runs  experience  has  shown 
that  fully  one  fourth  of  the  time  between  termini  is  lost  by  stops.  This 
amounts  to  a  further  waste  of  3  to  6  per  cent. 

186.  From  all  these  causes  together  it  is  a  very  moderate  estimate  that 
about  ofu  third  of  the  total  cost  of  fuel  is  not  affected  by  a  slight  change 
more  or  less  in  the  lenjgth  of  the  line.  The  average  consumption  of  fuel 
per  train-mile  in  both  directions  is  not  so  greatly  affected  by  grade  that 
we  need  consider  the  question  of  whether  the  additional  distance  is  on  a 
grade  or  on  a  level.  Groing  up  grade  the  consumption  is  greatly  in- 
creased, but  there  is  no  consumption  of  steam  at  all  in  going  down 
grade,  so  that  the  average  is  only  slightly  increased. 

187.  Repairs  of  Engines  and  Cars. — It  is  exceedingly  common, 
and  for  certain  purp)oses  proper  enough,  to  assume  these  expenses  to 
vary  directly  with  distance,  but  for  our  present  purpose  this  is  very  erro- 
neous. The  wear  and  tear  of  rolling-stock,  it  is  plain,  arises  from  several 
distinct  causes,  of  which  the  regular  running  wear  when  m  motion  is 
9n]y  one.     These  causes  are : 


202        CHAP,   VIl.^DISTANCE'-EFFECT  ON  EXPENSES. 

1.  Deterioration  from  time  and  age:  Varying  with  time. 

2.  Stopping  and  starting:    Varying  with  number  of  stops. 

3.  Terminal  service,  getting  up  steam  and  drawing  fires,  switching, 
making  up  trains,  etc.:  Varying  with  the  number  of  trips,  independent  of 
their  length. 

4.  Effect  of  curvature  and  heavy  grades:  Varying  with  the  character 
of  the  alignment.     And,  finally,  we  come  to 

5.  Effect  of  regular  running  between  stations  on  a  tangent :  Varying 
with  distance  (the  additional  effect  of  any  curvature  on  a  given  distance 
being  a  separate  matter). 

All  of  these  causes  contribute  to  increase  the  cost  of  maintaining  roll* 
ing-stock,  and  as  the  whole  cannot  be  greater  than  the  sum  of  all  its 
parts,  the  effect  of  any  one  of  them  alone  must  be  much  less  than  the 
total  cost  unless  the  effect  of  the  other  four  is  insignificant.  Each  item 
will  be  seen  to  vary  with  a  different  cause  and  only  with  that,  and  only 
one  of  these  causes  is  the  exact  length  of  track. 

188.  The  mere  statement  of  these  facts  at  once  makes  probable  that 
rolling-stock  repairs  cannot  vary  very  directly  with  distance  alone  when 
the  other  causes  of  deterioration  remain  the  same,  although  precisely 
how  much  each  cause  contributes  to  the  total  will  probably  always  re- 
main an  indeterminate  problem.  Nothing  but  the  most  exhaustive  ex- 
periments  could  settle  it  accurately.  Hence  we  find  that  when  men's 
attention  is  specially  iixed  upon  the  disadvantages  of  some  one  of  these 
causes  they  are  very  apt,  with  entire  good  faith,  to  exaggerate  the  effect 
of  that  one  cause,  simply  from  momentary  foi^tfulness  of  how  many  other 
causes  are  also  co-operating  to  make  up  the  aggregate.  If  the  effect  of 
distance  is  under  discussion,  the  whole  cost  of  rolling-stock  repairs  will  be 
charged  off  as  so  much  pei  mile  run.  as  if  no  other  cause  but  mileage  had 
any  effect ;  but,  on  the  other  hand,  if  the  disadvantages  of  some  grade 
crossing  are  in  question,  we  shall  have  the  wear  and  tear  resulting  from 
that  cause  spoken  of  as  somethmg  fabulous.  And  so  about  the  injurious 
effect  of  some  particularly  crowded  yard  or  objectionable  curvature. 
Hut  starting  from  the  premise  that  the  total  effect  of  all  these  causes 
cannot  be  more  than  100  per  cent,  we  have  in  Table  85  a  subdivision  of 
this  total,  item  by  item,  between  the  above  five  causes.  As  this  has  been 
done  with  p^reat  care  to  get  the  best  attainable  authority  for  each  (which 
it  would  occupy  too  much  space  to  give  in  detail),  the  margin  for  possible 
error  is  not  great  enough  to  be  of  moment,  although  no  aboolute  exact- 
ness can  be  claimed  for  it. 


CHAP.  VIL^DISTANCE^EFFECT  ON  EXPENSES,        203 

Table  85. 

DtSTUBUnON  OF  THX    COST  OF  ENGINE    REPAIRS  TO   ITS  VARIOUS    CONTRIB. 

UTiNG  Causes. 


Boiler 

Itnnntng  gear 

liachinery 

Ifotintings 

Lagging  and  painting... . 

Smoke-box,  etc 

Tender: 

Running  gear 

Body  and  tank. 


Total 


Total 

Cost  of 

Item. 


p.  c. 
20.0 
20.0 
30.0 


12.0 
5.0 

10. o 

3.0 


100. o 


Distribution. 


Bffect  of 

Time, 

Age, 

aod 

Exposure. 


p.  C. 


I. 


I. 


I. 


Stopping 

and 

Starting 

at  Way 

Stations. 


p.  C. 
2. 

4. 

7. 


2. 


7. 


15. 


Terminal : 
Getting 

Up  Steam, 
Making 

UpTrains. 


p.  C. 

7. 
2. 

3- 


2. 

I. 

I. 
I. 


17 


Curvature 

and 

Grades. 

(Approx. 

Average.) 


p.  c. 
4. 
7. 
5. 


3. 


19 


Distance 

on 
Tangent 
between 
Stations. 


p.  c 

7. 

7. 

14. 


6. 
3. 

4. 
I. 


42. 


Table  86. 

Distribution  of  the  Cost  of  Freight-Car  Repairs  to  its  Various  Con- 
tributing Causes. 


Wheels 

Axles,  brasses,  and  boxes 

Springs 

Truck  frame  and  fittings. 

Brakes 

Draw-bars 

Sills  and  attachments. . . . 
Car  body,  painting,  etc.. 


Toul. 


Toul 

Cost  of 

Item. 


p.  c 
30 
30 
10 

5 

5 

10 

5 
5 


100. 


Distribution. 


Effect  of 
Time  and 
Age,  in- 
dependent 
of  Work 

and 
Mileage. 


p.  c. 


I, 

3 


6.0 


Stopping 

and 
Starting. 


p.  C. 

5- 

5. 
2. 
I. 
2. 

4. 
2. 

0.5 


21-5 


Terminal : 
Making 

up 

Trains, 

etc. 


p.  C. 
2. 
2. 
I. 
I. 
I. 

4. 
2. 
0.5 


13-5 


Curvature 

and 

Grades. 


p.  C. 

13. 
5- 
I. 


2. 
2. 


23.0 


Distance 

only 
between 
Stations 

on 

Straight 

Track. 


p.  C. 
10. 
18. 

6. 

I. 


I. 


36.0 


The  proportionate  £08t  of  wheels,  axles,  and  brasses  above  is  perhaps  large,  and  that 
«f  brakes  and  diaw4Mus  small,  but  it  Is  in  accordance  with  the  best  attainable  information. 


,aikbL.L.rfAdlM 
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189.  In  Table  85  each  of  the  smaller  items  is  as  small  as  it  can  rea- 
sonajbly  be  made.  Consequently  not  more  than  42  per  cent  of  the  cost 
of  the  engine  repairs  appears  to  vary  with  the  minor  changes  of  length. 
The  distribution  to  curvature  and  grades  will  be  spoken  of  hereafter.  Ii 
will,  of  course,  vary  greatly  on  different  roads.  Table  86  is  a  similar  dis- 
tribution of  the  cost  of  freight-car  repairs  based  in  part  upon  Tables  71 
to  75,  and  in  part  on  Table  87. 

190.  It  will  be  seen  that  a  considerably  larger  proportion  of  car  r^ 
pairs  than  of  engine  repairs  is  independent  of  distance,  as  is  but  natural 
The  cost  of  passenger-car  repairs  may  be  considered  as  not  greatly  differ- 
ent  per  train  from  that  of  freight  trains,  but  the  maintenance  of  the  seats, 
furniture,  and  inside  and  outside  ornamentation  make  up  much  more 
than  half  the  cost  of  passenger-car  repairs,  so  that  the  cost  per  train  of 
all  kinds  of  running  wear  is  much  less  considerable. 


Table  87. 


Estimated   Cost   New.  Scrap  Value,  and   Rate  op   DspRSCiATioif  or 

Freight  Cars  of  Various  Kinds. 

[Deduced  from  daU  published  in  the  National  Car^BuUtUr  of  April,  x88o.] 

Box  Cars, 


Labor. 

Material. 

Total. 

Scrap 
Value. 

Tout 
Deprec*n. 

Life. 
Yean. 

Annual 
Deprcc'n. 

Wheels 

$90.00 
45.00 
10.00 
94.94 

$35.00 

15.00 

4.00 

25.00 

$55. 

30. 

6. 

70. 

4 
8 

3 

35 

$13-75 

3.75 
2  00 

Axles. ....... 

Brasses ..... . 

Frame. ...... 

2.30 

Truck 

Brakes 

Draw-bars 

Frame 

Roof 

Floor 

Sides 

Painting 

Trimmings.. . 
Trusses 

$227.82 

7-33 
26.08 

52.85 

25-49 
10.76 

36.78 

5-25 
13.29 

5. 89 

$12.12 
2.16 
2.95 

6.79 
3-34 
1. 12 

7.58 
2. 16 
6.23 

1.13 

239.94 
9.49 
29.03 
59.64 
28.83 
11.88 

44-31 
7-41 

19-52 
6.02 

79.00 
2.00 
6.00 

10.00 
4.00 
1. 00 
2.00 

3.00 
3.00 

161. 

7.50 

23. 

50. 

25. 
II. 

4a. 
7.50 
16. 

3. 

7.5 
6 
6 

15 

8 

10 
so 

7 

so 
so 

$21.50 
1.25 
3.83 

3-33 
3.12 

1. 10 

2. 10 

1.07 

.80 

.IS 

Total,  box  c. 

410.54 

45.58 

456.12 

110.00 

346. 

9.1 

$38.25 

Stock  cars 

388.72       42.68 

431.40 

(oVi 

ST.) 
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Table  87. — Continued, 

Flat  and  Coal  Cars. 


Truck  (as  above) 

Brakes 

Dimw-ban 

Frmme 

Floor 

Sides 

FicdDgs 

Trusses 

Painting 

Total 


Total  Cost 

Scrap 

New. 

Value. 

$239.94 

$79- 

9.49 

2. 

29.03 

6 

45.00 

10 

12.00 

I 

8.00 

I 

5.00 

I 

6.00 

3 

6.00 

$360.46 

$103. 

Total 

Average 

Depreciat^n. 

Life. 
Years. 

$161. 

7.50 

6 

23. 

6 

35. 

15 

II. 

10 

7. 

20 

4. 

20 

3. 

20 

6. 

7 

$257.50 

Annual 
Deprcciat*!!. 

$21.50 
1.25 

3.83 

2.33 
1. 10 

0.35 
0.20 
0.15 
0.88 


1.59 


Pbr  Cent  of  Total  Depreciation. 


Wheels 

Axles  and  brasses 
Truck  frame 

Total  truck 

Brakes....' 

Draw-bars 

Frame 

Other  parts 

Total 


Flat  Cars. 


Box  Cars. 


43.5 
18.2 

6.3 


68.0 

4.0 

12. 1 

7-4 
8.5 


100. o 


36.0 
15.0 

5.2 


56.2 

3-3 
10. o 

8.7 
21.8 


100. o 


Average. 


40. 
16.6 

5.7 


62.3 

3.6 

II. o 

8.0 
151 


100. o 


With  this  tal^  compare  Table  73.  The  principal  discrepancy  between  the  two  is  that 
the  cost  of  wheels  is  much  less,  and  of  brasses  much  more,  in  the  latter.  On  the  whole, 
this  table  is  at  least  equally  trustworthy. 

The  rule  of  the  Master  Car- Builders'  Association  is  that  6  per  cent  per  year,  or  say  $30, 
shall  be  allowed  for  depreciation  in  value  of  freight  cars,  down  to  a  minimum  of  40  per 
tent  of  their  original  cost 

191.  Train  Wages. — ^Thc  tendency,  as  already  stated  (par.  152),  is 
more  and  more  to  fix  all  train  wages  directly  by  the  mile,  especially  on 
the  larger  lines  made  up  of  several  divisions  and  with  heavy  traffic, 
where  the  total  number  of  trips  a  crew  can  run  per  month  is,  in  fact, 
proportioned  almost  exactly  to  the  length  o|  the  run.    Some  arbitrary 


206        CHAP,   VIL^DISTANCE^EFFECT  ON  EXPENSES. 

limit  is  fixed,  varying  from  2600  to  3500  miles,  as  a  month's  work. 
Dividing  this  by  the  length  of  each  division  gives  the  number  of  trips 
to  constitute  a  month's  work,  the  fraction  being  disregarded  in  favor  oi 
the  employe.  On  a  division  100  miles  long  26  trips  is  a  month's  work; 
on  a  division  90  or  105  miles  long  28.89  and  24.76  trips  would  be  exaaly 
a  month's  work,  but  the  fraction  would  be  dropped  in  favor  of  the  em- 
ploye, and  28  and  24  trips,  respectively,  called  a  month's  work.* 

192t  Many  of  the  smaller  lines  still 'pay  no  attention  to  the  exact 
mileage  run,  and  others  (including  probably  over  half  the  mileage  of  the 
United  States)  adopt  the  compromise  plan  already  described  (par.  154); 
but  under  any  circumstances  it  will  be  seen  that  it  is  extremely  unlikely 
that  slight  changes  of  length  of  a  few  hundred  feet  will  affect  train 
wages  in  any  manner  or  under  any  circumstances  whatever.  The  circum- 
stances, and  the  probable  standard  of  train  wages,  must  be  considered 
in  each  case,  and  in  the  summary  below  train  wages  are  both  included 
and  excluded. 

193.  Station  and  General  Expenses  and  Taxes. — Taxes  are 
nominally  assumed  at  so  much  per  mile,  and  no  doubt  really  vary  with 
mileage  to  some  extent,  in  fact  as  well  as  in  form.  As  they  are  in  the 
long-run,  however,  based  on  value  and  not  on  cost,  it  can  hardly  be 
proper  to  consider  them  as  varying  with  distance  to  any  important  extent, 
and  unless  a  longer  line  between  two  given  points  increases  the  value  of 
the  property,  they  should  not  increase  with  distance  at  all.  Station, 
terminal,  and  general  expenses  are  of  course  entirely  unaffected  by  any 
small  changes  of  length,  unless  the  volume  of  business  or  number  of 
stations  and  side  tracks  is  also  increased. 

194.  Summing  up  the  effect  of  distance  on  the  various  items 
of  operating  expenses,  as  in  Table  88,  we  obtain  as  a  final  result, 
that  fractional  changes  of  distance  increase  or  decrease  expenses 
by  only  25  to  40  per  cent  of  the  average  cost  of  operating  an 
equal  distance,  according  as  train  wages  are  affected  or  un- 
affected. The  limit  of  possible  variation  or  error  in  this,  as  in 
all  other  such  estimates,  is  no  doubt  a  considerable  percentage, 
but  this  is  unavoidable.  Exactitude  enough  to  make  us  certain 
of  having  avoided  grave  error  and  hopeful  of  having  avoided  all 
error,  is  the  utmost  that  is  possible. 

*  Passenger  trainmen  often  make  much  more  than  this,  frequendy  mnniD^ 

6000  or  more  miles  as  a  month's  work. 
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Table  88. 

ErmiATED   Approximate    Effect   on    Operating    Expenses   of    Minor 

Changes  of  Distances,  Measured  by  Feet  or  Stations,  and  Not  by 

Miles. 

[Cost  of  train-mile  assumed  at  $i.oo.] 


Item. 


Fuel 

Water 

Oil  and  waste 

Engine  repairs 

Switching-engines 

Train  wages 

Train  supplies 

Car  repairs 

Car  mileage 

Rail  renewals 

Adjusting  track 

Tie  renewals 

Earthwork  and  ballast 

Yards  and  structures 

Station,  terminal,  general,  and  taxes.. 


Total, 


Toul  Cost 

by 
Table  80. 
Cts.  or  p 


c. 


7.6 
0.4 
0.8 
5.6 
5.2 
14.9 
0.5 

10. o 
2.0 
2.0 
6.0 

3.0 

4.0 

8.0 

30.0 


100. o 


Proportion  of  Same 

locreasing  with 

Distance. 


67  per  cent, 
unaffected. 
50  per  cent. 
40 
unaffected. 


35  per  cent. 
100        '* 
80 


50 
100 
100 

unaffected. 


(I 


24. 8  per  cent. 


If  train  wages  vary  exactly  with  distance. 


Cost  of 
Running 

One 

Additional 

Train-Mile. 


51 


0.4 
2.2 


3.5 
2.0 

1.6 

3.0 

3.0 

4.0 


24.8 


39-7 


For  more  considerable  changes  of  distance  see  Table  89. 

In  the  first  edition  of  this  treatise  the  cost  of  small  additions  to  distance  was  estimated 

follows: 


Fuel 

Oil,  waste,  and  water 

Repairs  of  engines  and  cars.. 

Train  wages.  

Maintenance  of  way 

Station  and  general  expenses 

Total 


Toul  Cost  of 

Item  at  Si  Per 

Train-Mile. 


xo  cts. 
a    " 
19   " 


xa 
30 


«t 


i« 


$x.oo 


Proportion  of  Same 

Increasing  with 

Distance. 


70  per  ct. 

50     " 

70     " 

unaffected  by  small 

changes. 

all  but  yards  and 

structures. 

unaffected. 


42  per  ct. 


Costof  Runn'g 

One  Additional 

Mile. 


7 

cts. 

t» 

I 

14 

t* 

90 

cts. 

43  cts. 


The  difference  between  this  and  the  above  estimate  is  partly  owing:  to  changes  in 
operating  conditions  and  partly  to  more  correct  estimate  of  the  actual  effect  of  slight  ad- 
ditions of  distance.  At  the  time  the  first  edition  of  this  work  was  published  an  estimate 
that  the  cost  of  operating  additional  distance  was  only  about  42  per  cent  of  the  average 
cost  was  something  of  a  novelty,  yet  it  really  was  an  over-estimate. 
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COMPARATIVE   VALUE   OF   &REAT    AND   SMALL   REDUCTIONS    OF 

DISTANCE. 

195.  When  the  saving  or  loss  of  distance  is  more  considerable 
than  we  have  been  considering,  or  at  some  point  varying  from  2 
to  10  or  15  miles,  according  to  the  practice  and  conditions  of  the 
road,  a  considerably  larger  proportion  of  expenses  will  vary  with 
distance.  The  train  wages  and  number  of  track  sections  will 
almost  certainly  do  so.  The  cost  of  stopping  and  starting, 
maintenance  of  yards  and  sidings^  and  track  labor  generally  will 
also  be  increased.  This  increase  will  be  in  detail  about  as  com- 
puted in  Table  89. 


Table  89. 

Estimated  Approximate  Effect  of  Great  and  Small  Differences  op 

Distance. 

The  smaller  percentage  is  as  in  Table  51,  for  small  differences  of  distance,  and  the 
table  gives  the  estimated  increased  effect  on  each  item  of  a  greater  difference  of  distance. 

[Cost  of  train-mile  assumed  at  $i.oa] 


Item. 


Fuel 

Water 

Oil  and  waste 

Engine  repairs 

Switching-engines 

Train  wages 

Train  supplies 

Car  repairs 

Car  mileage 

Rail  renewals 

Adjusting  track 

Tie  renewals 

Earthwork  and  ballast 

Yards  and  structures 

Station,    terminal,     general, 
and  taxes 


Total 


Total  Cost 
by  Table  80. 

Cts.  or  p.  c. 


7.6 
0.4 
0.8 
5.6 

5.2 

14.9 
0.5 

10. o 

2.0 
2.0 
6.0 
3.0 
4.0 
8.0 

30.0 


100. 0 


Increase  for  Greater 

Differences  of  Distance  of 

Per  Cent  vanring  with 

Distance— 


from  67  p.  c. 
o 
50 
40 
o 
o 
o 

35 
100 

80 

50 

100 

100 

o 


4< 
(( 
<< 
<< 
<( 
<< 
<l 
(( 
<< 
<( 
<« 


l< 
(< 
4C 
(€ 
«< 
(< 
<l 
«< 
<< 
<( 
<( 
l( 
<< 


to     85  p.  C 

50 

57 

o 

100 

40 

50 
"  xoo 


l< 
<c 
<< 

(€ 
«€ 
<< 


<< 


l< 


€< 


If 


<< 


«« 


(C 


<< 


100 

100 

100 
100 

50 


<€ 

<c 

«€ 
CC 
CC 
C« 
<< 
<C 
<< 
<l 
(t 
<( 
C( 

<c 


Total  Am*Qt 
Per  Traio- 

Mile 

for  Greater 

Differences 

of  Distance. 


from  24.8  p. c.  to  51.4  p. c. 


If  train  wages  are  not  affected,  we  have. 


6.5 
0.2 

0.4 
3.2 


14.9 
0.2 
5.0 
2.0 
2.0 

6.0 

3.0 

4  o 
4.0 


51.4 


36$ 
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196.  From  the  aggregates  at  the  foot  of  Tables  88  and  89, 
we  find  that  the  total  cost  per  train-mile  for  great  and  small 
changes  of  length  compare  about  as  follows  : 

COST  PER  TRAIN-MILE. 

Minor  Changes.  Grtaitr  Changes. 

(Measured  in  Feet.)  (Measured  in  Miles.) 

If  train  wages  are  affected,  .    39.7  cts.  or  per  cent.  51.4  cts.  or  per  cent 
If  train  wages  are  not  affected,  24.8  cts.  or  per  cent.  36.5  cts.  or  per  cent. 

Multiply  these  sums  by  365  x  2,  and  dividing  the  product  by 
5280  in  the  first  column  only,  we  obtain  the  following : 

YEARLY  COST  PER  DAILY  TRAIN  (ROUND  TRIP)  OF  GREAT  AND  SMALL 

CHANGES  OP  LENGTH. 


Minor  Chang»$. 

Grtattr  Changu, 

Per  Foot.       Per  Mile. 

Per  Mile. 

Train  wages  affected*    .    . 

.     5.49  cts.        $290 

$375 

Train  wages  not  affected,  .    . 

*     3-43  c^s.        |i8i 

266.50 

These  sums,  divided  by  the  assumed  or  actual  rate  per  cent 

which  must  be  paid  for  capital,  .05,  .06,  .08,  .10,  etc.,  will  give  the 

Justifiable  expenditure  to  save  one  foot  or  one  mile  of  distance,  as 

respects  its  effect  on  expenses  only.     Thus  at  10  per  cent  cost  of 

capital  we  may  spend  '^^^  =  $375©  per  mile  to  save  considerable 

•  10 

additions  to  distance. 

These  exact  figures  are  of  course  hypothetical,  to  illustrate 
the  general  law,  and  need  to  be  made  up  anew  for  any  particular 
case — at  least  to  the  extent  of  correcting  the  assumed  cost  per 
train-mile,  which  averages  80  to  90  cts.  rather  than  $1.00. 

197.  For  very  large  and  considerable  differences  of 
DISTANCE,  amounting  to  20  to  30  miles  in  100,  the  value  of  sav- 
ing distance  may  properly  be  still  further  increased,  even  up  to 
the  figures  at  which  all  saving  of  distance  without  distinction  is 
sometimes  estimated.  The  conditions  are  then  very  greatly 
modified.  The  number  of  yearly  trips  of  rolling-stock  is  then 
affected,  and  their  number  must  be  correspondingly  increased  or 
diminished,  whereas  smaller  changes  have  no  such  effect  Gen- 
14 
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eral  expenses  even  will  then  be  perceptibly  affected^  and  almost 
every  item  of  expenditure  except  the  cost  of  making  up  trains 
and  getting  up  steam  will  be  very  largely  increased  by  the  extra 
distance.  The  total  cost  of  all  train  and  maintenance  of  way 
expenses  amounts  in  our  assumed  average  (Table  80)  to  70  cents 
or  per  cent ;  but  as  all  experience  seems  to  indicate  that  even 
direct  train  expenses  cannot  be  reduced  in  practice,  and  will  not 
increase  in  direct  ratio  to  distance,  even  if  the  difference  of  dis- 
tance were  as  much  as  50  per  cent  (although  it  may  appear  that 
they  should  in  theory),  it  is  probable  that  80  or  90  per  cent  of 
the  above-mentioned  total  of  way  and  train  expenses,  or  say 
56  cents  per  train-mile,  is  the  maximum  effect  of  the  most  con* 
siderable  changes  of  distance.  Or  to  put  the  whole  thing  into 
even  figures  :  the  average  cost  of  a  train-mile  being  taken  for 
even  figures  at  $1.00  (it  is  now  usually  less)— 

The  minimum  effect  of  extra  distance,  measured 

in  feet,  is  per  train-mile 25  per  cent  or  i 

The  minimum  effect  of  distance,  measured  in 

miles,  not  affecting  train  wages,  is   ...    .  36.5  ••      •■    or  | 

The  maximum  effect  of  the  most  considerable 

change  of  distance  is •    •    56  to  63  "      **    or  | 

198.  Between  the  extremes  above  given,  the  true  valuation 
may  be  almost  anywhere  under  different  circumstances.  There 
are  even  certain  conceivable  cases,  which  have  sometimes 
occurred  in  practice,  where  the  assumed  maximum  is  not  ade- 
quate, as  for  instance,  in  comparing  two  routes  for  a  transconti- 
nental line  differing  by  100  to  800  miles.  The  number  of  operat- 
ing divisions  will  then  vary,  and  with  it  a  very  large  proportion 
of  the  general  and  station  expenses,  so  that  the  extra  distance 
may  cost  (or  may  not)  90  or  even  100  per  cent  of  the  average 
cost;  but  such  extreme  cases  are  too  exceptional  for  discussion. 

199.  The  effect  per  year  upon  operating  expenses  of  any  given 
distance  having  been  thus  determined,  the  capital  sum  for  which 
this  yearly  cost  represents  the  interest  will  plainly  be  the  sum 
which  (neglecting  all  effect  on  revenue)  we  are  justified  in  ex- 
pending to  cut  out  that  distance.    Thus,  if  distance  be  found,  as 
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above,  to  cost  3.43  cents  per  daily  train  per  foot,  during  one 
year,  a  road  running  10  trains  per  day  each  way,  and  paying  8 
per  cent  for  capital,  can  afford  to  spend,  to  save  one  foot  of  dis- 
tance, $4.29  less  the  value  of  the  counterbalancing  considerations 
which  we  have  yet  to  consider.  To  this  we  may  add,  if  we  please, 
$2.00  per  foot,  more  or  less  as  the  case  may  be,  as  the  cost  of 
superstructure,  right  of  way,  and  fencing ;  or  •we  may  include 
that  sum  with  the  other  items  of  construction.  This  value  hav- 
ing been  determined,  the  difference  in  cost  of  construction  to 
sub-grade  then  enters  in,  to  determine  whether  or  not  the  given 
improvement  will  cost  more  than  it  is  worth, 

200.  Errors  have  beert  committed,  resulting  in  a  great  exaggeration  of  the 
value  of  saving  distance,  by  assuming  that  the  ^whole  average  cost  .pf  con. 
structing  a  mile  of  line  complete  is  to  be  added  to*the "operating  advantage  of 
saving  a  mile  of  line  to  determine  its  total  value.  But  the  value  of  distance, 
like  the  value  of  everything  else,  is  independent  of  its  cost;  Whether  the  per- 
manent works  beneath  the  track  be  costly' or  cheap,  the  value  of  cutting  out 
that  part  of  the  length  of  the  road  will  be  t|ie  same  for  the  sivme  road  with  the 
same  traffic.  We  therefore  £rst  estimate  the  value  of  the  saving,  and  then 
estimate  both  alternate  lines  to  see  whether  or  not  the  value  exceeds  the  cost. 

All  the  preceding  has  been  on.  the  supposition  that  distance, 
like  other  advantages  of  alignment,  is  a  pure  source  of  expense 
and  has  no  effect  upon  receipts — an  entirely  false  supposition. 
We  proceed  now  to  consider  the  other  side  of  the  question. 

THE   EFFECT   OF   DISTANCE   ON    RECEIPTS. 

201.  All  railway  traffic  is  in  common  parlance  roughly  divided 
into  "through"  and  "local,"  but  what  is  through  and  what  is 
local  is  a  matter  of  varying  definition.  The  literal  interpretation 
of  the  word  "  through"  freight  would  be  freight  passing  over 
the  entire  distance  between  termini,  whether  exchanged  with 
Other  lines  or  not,  and  this  definition  is  often  followed  in  classi- 
fying. Another  basis  for  subdividing  traffic  into  through  and 
local  is  that  adopted  in  the  Massachusetts  Railroad  Reports  ; 
viz.,  to  call  all  traffic  "  local  "  which  is  CQ^nfined  to  the  home  road, 
ind  simply  passes  from  one  station  of  the  road  to  another, 
whether  those  stations  are  the   termini  or  not ;  and  all  traffic 
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"  through"  which  is  (under  this  definition)  not  local,  but  passes 
over  parts  of  two  or  more  lines,  although  the  total  haul  may  be 
only  a  few  miles  between  small  noncompetitive  stations  ;  where* 
as  *'  local  *'  traffic  may  be  hauled  the  entire  length  of  the  road  at 
competitive  rates,  and  be  for  all  practical  purposes  what  is  ordi- 
narily understood  as  "  through"  business. 

202.  Neither  basis  of  division,  therefore,  is  a  particularly 
happy  one  for  accomplishing  the  end  sought,  and  the  reason 
why  neither  can  be  is  easy  to  see.  The  difficulty  is  that  each  of 
them  is  an  attempt  to  include  under  only  two  classifications /7<^ 
distinct  classes  of  traffic,  each  one  governed  by  different  laws  as 
respects  rates  and  other  business  considerations.  These  classes 
are : 


A. 


B. 


j  I.  Non-competitive  local. 
(  2.  Non-competive  exc 
j  3.  Competitive  local. 

(  4. 


Non-competive  exchange. 
Competitive  local. 
4.  Competitive  exchange. 


C. 


j  5.  Partially  competitive  (i.e.,  competitive  only  with  the 
(  disadvantage  of  a  local  haul  in  addition). 

More  in  detail,  the  nature  of  these  sub-classifications  are  as 

follows : 

1.  Local  or  home  traffic  proper^  having  no 

choice  of  route  and  confined  to 
one  line. 

2.  Exchange  traffic^  or  (by  Massachusetts 
classification)  "  through"  traffic, 
having  no  choice  of  route,  but 
passing  from  one  line  to  another. 

^  3.  Local  or  home  traffic^  confined  to  one 
line,  but  having  a  choice  of  an- 
other route  (a  class  •]>£  traffic  once 
small,  but  rapidly  increasing  with 
the  multiplication  of  railways). 
4.  Exch.iK^zf  or  ^^through^^  traflu  ^^er, 
passing  between  the  more  impoi- 
cant  railway  centres,  and  with  a 
choice  of  two  or  more  routes. 


A.    NON-COMPETITIVE. 

(The  whole  of  it  being  what 
is  ordinarily  referred  to 
by  the  term  *'  local "  traf- 
fic.) 


B.  Competitive. 

I  The  whole  k>\  \\  bein^  what 
is  ordinarily  referred  to 
bv  The  term  **  through 
traffic") 


C.  Partially 

COMPXTITIVS. 
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5.  Traffic  (usually  exchange  or 
"through")  between  non-competitive 
local  points  and  important  railway 
centres  having  a  choice  of  route 
only  at  disadvantage,  by  paying 
a  local  rate  in  addition  to  the 
"through."  This  class  does  not 
exist,  practically,  for  passenger 
service. 

203.  Out  of  all  these  five  classes  there  is  only  one — viz., 
Class  B,  3 ;  traffic  confined  to  the  home  road  and  therefore 
purely  local,  but  having  a  choice  of  route  by  some  other  line 
and  therefore  competitive — on  which  a  longer  haul  has  no  effect 
whatever  to  increase  receipts,  but  is  a  pure  disadvantage.  This 
•class  is  also,  on  most  roads,  the  smallest  class  of  all,  and  on  very 
many  it  is  entirely  non-existent.  On  others,  however,  as  for  in- 
stance on  a  new  line  between  New  York  and  Philadelphia,  it 
would  be  the  bulk  of  the  traffic.  It  is  rapidly  increasing  in  im- 
portance, moreover,  from  the  prevalent  tendency  to  consolidate 
lines  into  great  systems,  and  even  when  this  consolidation  is  not 
formal  and  complete,  there  is  often  such  community  of  interest 
from  common  ownership  as  to  amount  to  very  nearly  the  same 
thing. 

Receipts  from  ail  the  other  classes  are  affected  materially  by 
the  distance ;  but  in  different  ways,  which  we  proceed  to  con- 
sider : 

204.  A.  Non-competitive  (Class  i  and  2).  Traffic  between 
non-competitive  way  points,  whether  these  points  are  on  the 
same  or  different  roads. 

There  is  no  real  need  for  making  a  distinction  between  these 
two  classes  in  respect  to  rates,  the  "through"  being  made 
simply  by  the  addition  of  the  two  local  rates,  and  divided  in  the 
same  proportion. 

This  class  of  traffic,  which  is  what  is  popularly  meant  by 
**way"  traffic,  is  an  immense  factor  in  the  freight  revenue  of  any 
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railway,  varying  ordinarily  from  50  to  75  per  cent  of  it;  and 
rarely  falling  below  50  per  cent,  except  on  lines  of  heavy  through 
traffic  running  through  sparsely  settled  districts.  The  old 
Canada  Southern  (now  Michigan  Central)  is  a  peculiar  and  very 
exceptional  example  of  a  line  of  the  latter  character,  its  local 
ton-mileage  having  averaged,  before  its  consolidation,  below  8 
per  cent  of  the  total.  Even  in  this  extreme  case,  however,  its 
revenue  from  local  freight  appears  to  have  been  from  25  to  30 
per  cent  of  the  total.  The  Cleveland,  Columbus,  Cincinnati  & 
Indianapolis  Railway,  which  carries  perhaps  as  small  a  propor- 
tion of  non-competitive  freight  as  any  other  line  for  which  precise 
statistics  are  available,  and  which  is  certainly  exceeded  in  that 
respect  by  very  few,  derives,  as  an  average  of  9  years  (1873-81), 
36  per  cent  of  its  tonnage,  23  per  cent  of  its  ton-mileage,  and 
about  38  per  cent  of  its  freight  receipts  from  "  local  freight," 
which  in  this  case  includes,  practically,  non-competitive  of  all 
classes.  In  its  passenger  traffic  this  line  enjoys  an  even  larger 
proportion  of  non-competitive  traffic,  being  at  much  less  disad- 
vantage in  that  respect,  and  in  fact  representing  as  nearly  as 
may  be  the  average  condition  of  the  whole  American  railway 
system.  This  is  the  more  fortunate  as  it  is  one  of  the  very  few 
lines  which  give  statistics  of  the  passenger  or  any  other  traffic 
in  such  form  that  it  can  be  accurately  separated  into  at  least  four 
of  the  five  classes  of  traffic  which  actually  exist,  as  above  speci- 
fied. The  following  Table  90  gives  the  percentage  of  each  of 
these  classes  (omitting  fractions  and  distributing  a  trifling  sum 
for  miscellaneous  receipts)  for  the  average  for  the  9  years  1873- 
188 1.  The  table  may  be  accepted  as  giving,  in  a  rough  way, 
about  the  general  average  of  the  whole  American  railway  system 
for  passenger  service. 

205.  Table  91  gives  some  corresponding  details  for  the 
freight  traffic  of  the  same  road,  which  can  hardly  be  accepted  as 
so  representative,  and  in  Table  92  (as  also  in  various  other  tables ; 
— see  Index)  are  given  data  as  to  average  train  loads.  The 
variations  in  such  matters  are  limited  only  by  the  number  of 
roads,  and  are  often  very  great. 
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There  is  a  certain  portion  of  even  non-competitive  traffic, 
t  must  always  be  remembered,  on  which  rates  are  governed 
lOlely  by  what  it  will  bear,  without  any  reference  to  distance, 
md  on  many  roads  a  very  large  proportion,  as  where  there  is 
nuch  suburban  traffic;  yet  in  the  main  the  rates  are  nominally 
ixed  by  the  mile  on  all  this  traffic,  and  on  a  certain  large  pro- 
portion they  are  by  law  or  fixed  custom  actually  so  fixed. 

Before  considering  what  weight  should  be  given  to  these 
facts  in  estimating  the  value  of  distance  (for  which  see  par.  227) 
nre  will  consider  the  conditions  which  exist  with  the  three  re- 
oiaining  classes  of  traffic. 

206.  Competitive  traffic,  whether  confined  to  one  line  or  not; 
[classes  3,  4,  and  5,  above).  The  total  through  rates  on  all  com- 
petitive traffic  are,  in  nearly  all  cases,  arbitrarily  fixed,  with 
little  regard  to  the  mileage.  For  this  reason  it  may  appear,  and 
may  be  too  readily  taken  for  granted  by  engineers  not  familiar 


Table  90. 

CoMPAKATnrx  Magnituds  op  the  Separate  Classes  op  Through  and 
Local  Competitive  and  Non-Competitive  Passenger  Traffic  on  the 
Cleveland,  Columbus,  Cincinnati  &  Indianapolis  Railway. 

Average  of  9  years,  1873-1881. 

[This  table  may  be  accepted,  in  a  rude  waj^  as  Dot  far  from  the  general  average  of  the  whole 

American  Railway  System.] 


Clam  op  Trafpic  as  Subdividbd  on  pacb  axa. 


X.  Local  home  road 

A.  Non-CompetiliTe. \  «•  Local  or  exchange  between 

local  points  in  different 
roads  

3.  Local  traffic  between  com- 

B.  ConpetiUTe \         P«t»tive  termini  (only  par- 

tially  in  this  case) 

.  4.  Competitive  through 

C  Partially  Competitive.    (NoO'Cxistent  in  pass,  service.) 


Per  Cent  of 
No.  of  Pas- 
sengers. 

Per  Cent 
of  Pass. 
Mileage. 

74 

f 

-88 

5a 

«4. 

V 

4 

48      ] 

100 

p.  c. 

100  p.  c. 

Per  Cent 
Contributed 
to  Revenue. 


48 1 


J3 


6x 


100  p.  c. 
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Table  91. 

Fluctuations  and  Distribution  of  the  Diffsrbnt  Classes  of  Freight 
Traffic;  Cleveland,  Columbus,  Cincinnati  &  Indianapolis  Railway. 

Local  Freight, 


East-Bound. 

Wbst-Boumd. 

Total. 

Ykar. 

Tons. 

I  = 

1,000. 

Ton- 
Milet. 

X  = 
1,000,000. 

Rev. 

$1,000. 

Tons. 

1  = 
x,ooo. 

Ton- 
Miles, 
z  =s 

Rer. 
$i»ooo. 

Tons. 

Too- 
Mites. 

Rer. 

1873... 
1875... 
1880... 
1885... 

419 
401 

564 
451 

50.0 

43.3 
74.6 

43-3 

908.9  ' 
686.7  ' 
749.8 
469.7 

211 

253 
3" 

355 

20.8 

27.7 
33.6 
41.0 

434.8 
465.0 
451.6 
406.3 

630 

654 
874 
806 

70.8 

71.0 

108.2 

84.3 

1344. 

I152. 

I20I. 

876. 

Through  Freight, 


1873... 

870 

166.5 

1 
1895. 

181 

37.1 

496.8 

1050 

203.5 

2392. 

T875... 

747 

145.5 

1093. 

209 

46.8 

402.81 

957 

192.3 

1495- 

1880... 

1189 

232.0 

1539. 

378 

80.3 

588.0 

1567 

312.2 

2127. 

1885... 

1140 

226.9 

997. 

569 

117. 4 

598.6 

1708 

344.4 

1596. 

The  above  indicates  the  nature  and  extent  of  the  fluctuatioiis  which  have  occurred 
during  the  thirteen  years  covered  by  the  table.    The  followins^  are  averages  FOR  the 

TEN  YEARS  1876-1885 : 


Percentages  of  Total  Tons  Carried. 

Percentages  of  Total  Ton-Miles. 

Througrh. 

Local. 

Total. 

Through. 

Local. 

Total 

East-bound. .  . 
West-bound.  . . 

48.4 
17.7 

19.9 
14.0 

68.3 
31-7 

East-bound..  . 
West-bound... 

Total 

56.5 
21.8 

12.5 
9.2 

69.0 
31.0 

Total 

66.1 

33.9 

100. 0 

78.3 

21.7 

100. 0 

Percentages  of  Total  Revenue. 

Average  Receipts  Per  Ton-Mile. 

Through. 

Local. 

Toul. 

Throngh. 

LocaL 

Total. 

East-bound. .  . 
West-bound.  . . 

44-5 
20.0 

20.3 
15.2 

64.8 
35.2 

EUist-bound. 
West-bound 

Total .... 

.556  ct. 
.656  " 

I.T61  cts. 
I.2I0  *• 

.674  ct 
.818  " 

Total 

64.5 

35-5 

100. 0 

1 

.591  Ct. 

I.l82CtS. 

.719  CL 

^J^ 
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Table  92. 

Average  Train-Load  of  Freight  and  Passengers  in  the  United  States, 

Groups  op  States,  and  on  Trunk  Lines. 

[CoBimted  from  the  Ceatut  Statistics  of  1880.] 


\.  New  England 

II.  Middle,  with  Md.,  Mich.,  Ind. 

III.  Southern 

IV.  111..  la..  Wise.,  Mo.,  Minn... 

V.  La.,  Ark.,  Ind.  T 

VI.  Tex.,  Kan.,  Dak.,  and  Far  W. 


Total  United  States. 


Trunk  Lines. 


Boston  &  Albany , 

New  York  Central 

N.  Y..  L.  Erie  &W 

Pennsylvania 

Baltimore  &  Ohio 

N.  Y.,  Penna.  &  O 

N.  Y.,  N.  Haven  &  Hartf . 


Passbngbr  Trapfic. 


Av.  TraiD- 

Load. 

No. 


53-3 
44.2 

21.3 

37.1 
18.3 

48.0 


41.5 


72 
65 

55 
52 
38 

41 
90 


Av.  Haul. 
Miles. 


16.8 

17.4 
44.1 
41.9 

39.8 
44.8 


21. 


FaxiCHT  Traffic. 


Av.  Train- 
Load. 
Tons. 


90 
163 

55 
122 

61 
95 


129. 


110. 

218. 
211. 

233- 

185.5 
113. 

113. 


Av.  Haul. 
Miles. 


55-7 
106. 1 

103.7 

153.3 

34-6 

166.9 


III. 


with  operating  practices,  that,  for  this  class  of  traffic  at  least,  any 
additional  distance  must  be  a  pure  disadvantage,  increasing  ex- 
pense, but  not  affecting  revenue.  And  this  is  literally  true  with 
respect  to  such  competitive  traffic  as  begins  and  ends  on  one 
line,  or  on  one  system  of  lines  with  interests  wholly  in  common. 
But,  in  spite  of  the  present  tendency  to  consolidation,  a  very 
large  proportion  of  such  traffic  on  all  lines,  and  practically  the 
whole  of  it  on  the  smaller  lines,  is  through  freight  proper,  which 
passes  over  parts  of  several  lines.  On  all  such  traffic  the  total 
rate  from  shipping  point  to  destination  is  indeed  arbitrarily 
fixed,  without  regard  to  mileage,  and  often  in  fact  in  inverse 
ratio  to  it;  but  of  the  division  of  this  total  rate  between  the  par- 
ticipating companies,  which  is  what  practically  concerns  us,  this 
is  by  no  means  the  case. 
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207.  The  division  in  all  such  cases  is  by  a  percentage  which  is 
regulated  strictly  in  accordance  with  the  relative  distance  hauled, 
although  not  necessarily  in  direct  ratio  to  that  distance ;  for 
there  are  frequently  "  Arbitraries"  of  various  kinds,  and  granted 
for  various  reasons,  as  for  terminal  expenses,  to  be  first  deducted 
before  the  final  division  or  percentage  is  distributed  according 
to  mileage. 

208.  So,  too,  it  is  not  uncommon  for  some  line  to  have  some 
strategic  advantage  of  another,  so  that  it  can  exact  from  it  cer- 
tain special  concessions,  in  excess  of  its  exact  mileage  propor- 
tion, such  as  allowances  for  "  constructive  mileage,"  etc.,  etc. 

The  Erie  Railway  formerly  bad  a  great  strategic  advantage  of  this  kind  over 
the  old  Atlantic  &  Great  Western  Railway  (New  York,  Pennsylvania  &  Ohio), 
the  nature  and  effect  of  which  we  shall  shortly  see  (par.  2i6). 

209.  Again,  when  shipments  are  for  extremely  long  dis- 
tances they  are  quite  frequently  subject  not  to  one,  but  to  the 
sum  of  two  competitive  rates,  and  the  total  is  divided  accord- 
ingly. All  freight  passing  through  Chicago  is  a  remarkable 
example  of  this.  It  is  not  common  to  make  rates  past  Chicago 
to  points  on  either  side  otherwise  than  by  adding  the  two 
Chicago  rates  (which  latter  is  very  common),  except  when,  as  to 
''Missouri  River  points,"  special  circumstances  make  it  abso- 
lutely unavoidable.  The  tendency  to  make  Chicago  a  terminal 
point  for  competition  and  start  afresh  from  there,  is  strong. 

There  are  some  apparent  partial  exceptions  to  this  rule,  bnt  they  are  hardly 
real  ones.  Thus  in  iS36.  after  considerable  controversy  and  irregularity, 
rates  from  New  York  to  **  Mississippi  River  points."  including  a  large  number 
of  points  north  of  St.  Louis,  were  by  agreement  adjusted  at  the  fixed  rate  of  Ii6 
for  ux^  to  Chica^ro.  This  was  then  divided  between  the  lines  east  and  west 
of  Chicaii^o  ^there  beinc  half  a  dozen  or  more  lines  interested  on  each  side),  by 
assuming;  the  distance  for  all  lines  to  be  220  miles  west  of  Chicago  and  970 
milos  oast,  these  bcini:  about  the  average  of  the  actual  distances,  which  of 
course  varied  with  each  road.  The  total  rate  was  then  divided  in  exact  propor- 
tion vas  nearly  as  mij^ht  be^  to  these  distances,  vii..  \%\  per  cent  west  and  8ii 
pei  cent  east  of  Chicago.  Exactly  these  divisions  would  have  been  18.487  and 
Si.u.v  so  that  the  rate  on  0.15  mile  of  haul  west  of  Chicago  was  given  away  to- 
the  lines  east  to  obtain  a  roun«.i -numbered  percentage. 
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In  this  exceptional  instance  the  general  rule  that  through  competitive  rates 
"e  regardless  of  distance  is  extended  likewise  to  a  first  division  of  those  rates 
ito  two  parts.  What  the  arrangement  really  means,  however,  is  that,  although 
common  aggregate  rate  to  the  Mississippi  River  points  was  desirable  in  the 
iterest  of  peace  and  good-will,  yet  the  distance  was  so  great  and  the  conflict- 
\%  interests  so  multifarious  that  it  was  more  convenient  to  regard  this  rate  as 
lade  up  of  two  separate  and  distinct  through  rates,  than  to  regard  it  as  a  single 
irough  rate  to  be  divided  in  the  usual  manner. 

Compacts  of  this  kind  may  increase,  but  at  present  they  are  too  exceptional 
>  merit  more  than  passing  notice. 

As  one  example  of  "  arbitrary"  allowances,  a  large  part  of  the  business  from 
Bd  to  local  points  near  large  cities  really  comes  under  the  head  of  through 
raffic  ;  the  through  rates  from  the  West  to  points  within  a  hundred  miles  more 
T  less,  of  New  York,  for  instance,  being  usually  made  the  same  as  to  New 
fork,  and  divided  as  if  the  freight  or  passengers  were  actually  taken  to  and 
lelivered  there. 

In  such  case  the  division  is  not  exactly  as  the  mileage,  but  it  is  the  same  in 
ts  effect  upon  the  receipts  of  the  connecting  lines  as  if  it  were. 

210.  Certain  considerable  allowances  for  terminal  charges  at 
>oints  where  such  charges  are  heavy  are  very  commonly  and 
rery  justly  deducted  from  the  through  rate  before  the  latter  is 
listributed,  as  notably  at  New  York,  where  the  terminal  allow- 
inccs  are  very  heavy  (4  to  5  cents  per  100  lbs.),  although  hardly 
enough  to  cover  the  direct  and  indirect  expense  to  the  terminal 
cad. 

In  fact  the  variations  and  exceptions  in  the  fixing  and  division 
)f  rates  arc  endless,  but  through  them  all  the  general  law  holds 
jTood  that  all  **  through"  rates  between  connecting  lines  are 
livided  precisely  according  to  the  actual  mileage,  and  to  a  very 
arge  extent  directly  as  the  mileage. 

211.  These  facts  result  in  a  curious  and  apparently  contradic- 
ory  law,  as  respects  the  through  traffic  of  a  new  or  old  road, 
vhich  it  may  be  highly  important  that  the  engineer  should 
mderstand.     That  law  may  be  thus  expressed  : 

I.  It  is  extremely  desirable  that  any  new  line  should 

fQRM    A    PART    OF    THE    SHORTEST    ROUTES     BETWEEN     IMPORTANT 
:ENTRES  OF  TRAFFIC. 

t.    It  is  NOT  DESIRABLE,  AND  OFTEN  THE  REVERSE  OF  DESIRABLE, 


k 
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THAT  IT  SHOULD  MAKE  ANY  EFFORT  TO  BRING  ABOUT  THIS  RESULT, 
EXCEPT  IN  SELECTING  ITS  CONNECTIONS. 

The  reason  for  each  half  of  this  law  is  not  difficult  to  see. 

212.  As  respects  the  first  part  of  it : 

The  through  rate  being  altogether  indepehdent  of  distance, 
the  receipts  per  ton-mile  or  per  passenger- mile  on  competitive 
traffic  will  be  the  greater  the  shorter  the  line  is — a  consideration 
plainly  of  immense  importance. 

We  may  see  a  striking  proof  of  this  by  comparing  the  New 
York  Central,  Erie,  and  Pennsylvania  lines.     The  operating  ex- 
penses of  the  Central  and  Erie,  as  shown  in  Tables  37  and  76, 
average  continually  a  much  heavier  percentage  of  their  receipts 
than  on  the  Pennsylvania,  yet  they  are  operated  with  substantially 
€qual  efficiency — at  least  there  is  far  less  difference  than  super- 
ficial observers  often  conclude  from  this  very  fact*     The  true 
•cause  of  it  (with  which  other  causes  may  co-operate,  but  only  to  a 
minor  extent)  is  simply  this  :  that  the  Pennsylvania  has  the  short- 
est line  from  almost  every  point  in  the  West  to  New  York  and 
Philadelphia,  and  hence  its  receipts  per  mile — from  the  same 
through  rates — are  unavoidably  materially  larger  than  the  Gen- 
tra4*s  or  Erie's.     This  fact,  however,  does  not  show  so  much  as 
it  otherwise  would  in  the  average  receipts  per  ton-mile  of  these 
roads,  as  published,  simply  because  the   Central   and  in   less 
degree  the  Erie  have  an  immense  local  business,  which  both  pays 
more  and  costs  more,  thus  bringing  up  the  average  receipts  ;  but 
the  through  business  proper  leaves,  and  must  continue  to  leave, 
a  very  small  margin  per  mile  to  both  lines  compared  with  what 
the  Pennsylvania  obtains.     No  ingenuity  or  skill  will  ever  be 
able  to  materially  decrease  the  large  percentage  of  advantage 
for  through  business  which  its  geographical  position  gives  to  the 
latter  road ;  because  the  total  through  rate  will  always  be  the 
same  by  all  competing  lines,  and  the  long  lines   must  conse- 
quently forever  suffer  in  receipts   per  mile,  unless  causes  not 
now  possible  to  foresee  shall  change  the  conditions. 

213.  But  notwithstanding  this  fact,  we  have  in  these  same 
roads  a  striking  illustration  of  the  truth  of  the  second  half  of 
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ur  contradictory  law.  Neither  the  New  York  Central  nor  the 
rie  have  any  interest  whatever  in  shortening  their  own  lines  (if 
e  consider  the  interests  of  both  as  terminating  at  Buffalo)^ 
otwithstanding  that  they  suffer  so  much  from  the  fact  that 
ley  are  links  in  a  long  route.  Thus  the  Erie  now  constitutes 
23-963  of  its  New  York-Chicago '  connection  via  the  Lake 
bore  &  Michigan  Southern  Railway,  and  receives  on  a  15- ton 
ar-load  at  a  30-cent  rate  $39.55  out  of  $90,  assuming  the  through 
ate  to  be  divided  according  to  distance  only,  without  arbitrary 
r  terminal  allowances.     If  its  length  were  10  miles  shorter  it 

rould  receive  only  —^ or  — -  of  $90,  or  $39.00 — a  loss  of 

^  963—10        953 

io.55  per  car-load,  which  is  about  three  times  what  would  be  the 

ctual  extra  cost  of  hauling  the  car  over  that  extra  distance. 

214.  On  the  other  hand,  if  some  of  its  Western  connections 

rcre  to  shorten   their  line  ten  miles  the  Erie  would  be  greatly 

benefited;  for  then,  for  the  very  same  service,  it  would   receive 

roai  the  Lake  Shore  &  Michigan  Southern  Railway,  for  example^ 

—  instead  of  ^7^  of  $90,  or  $39.95  instead  of  $39.55 — an  increase 
'53  903 

if  40  cents,  or  about  i  per  cent,/^r  nothing. 

Spending  money  to  shorten  one's  own  line  for  through  busi- 
less,  therefore,  must,  except  under  peculiar  circumstances,  be 
lassed  among  those  charitable  actions  for  which  a  reward  may 
K>ssibly  be  hoped  for  in  the  next  world,  but  hardly  in  this.  The 
mly  important  exceptions  are  : 

First,  When  a  road  reaches  all  important  points  over  its 
>wn  lines,  as  the  Pennsylvania  ;  or. 

Secondly,  When  it  is  built  for  other  reasons  than  direct 
>rofit  to  the  investors,  as  the  Cincinnati  Southern  Railway,  or 
ines  built  by  the  State. 

Even  these  exceptions  are  in  all  cases  only  partial.  There  is 
ilways  some  credit  side  to  the  disadvantage  of  distance,  whereas 
:here  is  never  any  credit  side  to  bad  gradients  or  curvature. 
Bad  curvature  and  gradients  may  indirectly  have  a  credit  side 
o  them,  from  bein;?  necessary  to  reach  certain  traffic  points,  but 
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in  themselves  they  are  wholly  harmful,  whereas  extra  distance 
is  not. 

215.  A  notable  example  of  these  antithetic  effects  of  distance, 
and  of  the  danger  of  disregarding  them,  may  be  found,  among 
many  others,  in  the  old  Atlantic  &  Great  Western  (now  New 
York,  Pennsylvania  &  Ohio)  Railroad.  It  enjoys  the  unique  dis- 
tinction of  being  now,  as  it  was  when  first  built,  the  longest  line 
in  existence  even  between  its  three  termini — New  York  in  the 
East,  Cincinnati  and  Cleveland  in  the  West.  It  has  always  two, 
and  generally  three  or  four,  more  favored  rivals  between  each 
considerable  point  in  the  East  and  every  considerable  point  in 
the  West.  Yet  even  in  this  extreme  case,  if  its  own  line  had 
been  ten  miles  longer  between  Cleveland  and  Cincinnati  and 
New  York  it  would  have  been  better  off.     It  would  then  have 

received  |^  or  46  per  cent  (see  par.  320)  instead  of  |-r^  or  45 
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per  cent  on  all  Cincinnati  and  New  York  business,  and  -^  or 

35  per  cent  instead  of  ~-  or  34  per  cent  on  all  Cleveland-New 

York  business,  assuming  in  both  cases  that  receipts  were  divided 
strictly  according  to  distance. 

216.  As  it  happens,  this  is,  or  was  until  within  a  few  years  (the 
old  Atlantic  &  Great  Western  is  now  leased  to  the  Erie),  one  of 
the  cases  in  which  the  division  was  not  strictly  as  the  distance; 
the  Erie  Railway  having  formerly  insisted  on  being  allowed  a 
CONSTRUCTIVE  MILEAGE  of  46  miles  from  the  junction  point  at 
Salamanca  to  its  terminus  and  junction  with  the  Lfake  Shore  & 
Michigan  Southern  Railway  at  Dunkirk:  an  unjust  exaction, 
which  it  had  power  to  enforce  because  it  was  the  only  eastern 
connection  of  the  Atlantic  &  Great  Western.  Whereas,  there- 
fore, a  division  exactly  according  to  distance  would  have  given 

the  Erie  on  Cleveland-New  York  business  ^-^  or  66  per  cent, 

211 

ind  the  Atlantic  &  Great  Western  ~-  or  34  per  cent,  the  actual 
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ivision  was  - — -j—>  or  •- —  (68  per  cent)  to  the  Erie  and  only 

-=^  (32  per  cent)  to  the  Atlantic  &  Great  Western.  Never the- 
73 

^ss,  in  this  as  in  all  other  cases  divisions  were  ultimately  based 
pen,  although  not  in  strict  accordance  with,  the  precise  relative 
auls. 

217.  From  this  example  the. over-hasty  conclusion  should  not 
•y  any  means  be  drawn,  that  a  road  should  lengthen  its  line  of 
et  purpose,  for  this  end  alone,  for  that  would  probably  lead  to 
cts  of  folly  ;  but  it  does  clearly  follow  that  whenever  a  better 
ine  in  all  other  respects  can  be  thus  obtained  it  will  ordinarily 
«  folly  not  to  take  it.  As  it  happens,  such  lines  did  exist  at 
everal  points  along  the  Atlantic  &  Great  Western,  affording 
^tter  grades,  more  traffic,  and  cheaper  work,  at  the  cost  of  some 
.istance;  but  unfortunately  the  original  projectors  sinned  against 
K>th  of  the  cardinal  principles  laid  down  in  par.  211 :  they  ne- 
;lected  the  vital  end  of  securing  short  and  favorable  connections, 
ut  exerted  themselves  to  shorten  their  own  road  by  striking  an 
ir-line  wherever  possible,  at  almost  any  sacrifice  of  gradients ; 
unning  it,  in  literal  truth,  "over  the  hills  and  far  away"  from 
rafiic.  The  consequences  of  such  engineering  may  be  read  in 
he  financial  history  of  the  road — a  history  which  might  have 
•een  anticipated  with  certainty  in  the  beginning,  and  may  be 
ounted  on  with  certainty  to  continue  to  the  end.  It  has  now 
ound  its  greatest  and  only  real  use  as  a  feeder  and  competing 
weapon  in  the  hands  of  the  Erie,  but  considered  as  a  separate 
•ropcrty,  apart  from  one  or  two  profitable  leases  which  have 
lone  kept  it  in  as  good  a  position  as  it  has  had  (see  Chap.  XXL), 
L  can  never  by  possibility  more  than  barely  pay  operating  ex- 
>enses  for  any  period  of  years  ;  for,  however  great  may  be  the 
Towth  of  traffic,  and  however  great  the  future  improvements 
ending  to  reduce  expenses,  other  lines  also  share  these  advan- 
ages,  and  through  rates  will  continue  to  fall  in  proportion,  down 
a  the  lowest  point  which  affords  the  most  favored  line  2i  handsome 
at  not  exorbitant  profit,  and  way  rates  likewise  will  continue  to 


224  CH,  VIL—DISTANCE^EFFECT  ON  COMPETITIVE  TRAFFIC 

fall  in  proportion  down  to  a  reasonable  but  not  excessive  per- 
centage (usually  from  50  to  75  per  cent)  in  excess  of  the  through 
competitive  rates. 

218.  In  a  certain  important  sense,  indeed,  we  may  say  that  all 
rates  are  fixed  by  competition,  for  the  fact  that  non-competitive 
way  rates  do  adjust  themselves  quite  closely  to  the  through  rates 
is  well  determined.     In  illustration  of  this  fact,  which  has  been 
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Statistics  of  Passenger  Traffic,  Cleveland,  Coluhbus,  Cincinnati  k 

Indianapolis  Railway,  1873-1S85. 


Local  Pass. 

Through  Pass.              | 

Per  Cent 

Year. 

Av.  Haul. 
Miles. 

Rects. 

Per  Mile. 

Cts. 

Av.  HauL 
Miles. 

Rects. 

Per  Mile. 

Cu. 

ThrouFh  of 
Local  Kate. 

1873 

74 

29.8 
27.8 

3.47 
2.83 

198 
185 

2.53 

2.55 

73.0 
90.0 

1875 

27.1 

2.63 

188 

2.38         i 

90.5 

1876 

77 

78 

79 

28.3 
27.9 

27.3 
28.6 

2,48 
2.41 
2.42 
2.46 

192 

183 
182 
186 

1.89 
2.24 
2.10 
1.82 

76.2 
93.0 

86.8 

73.9 

1880 

29- 5 

2.39 

193 

1.82 

76.1 

1881 

82 

83 

84 

27.6 
28.7 

30.5 
29-5 

2.51 
2.60 

2.51 
2.47 

184 

"5 
121 

iiS 

1.77 
1.78 

1. 81 
1.73 

70.5 
68.6 
72.0 
70.0 

1885 

28.9 

2.57 

121 

1. 61 

62.6 

Decrease  per  cent  in  through  rate  in  la  years,  36.4  per  cent* 

"  local  "         ♦*      "     25.9 


«i 


tt 


(« 


Summary  of  Average  Decrease  from  Average  of  1873-5  ^^  Average  of  1878-81. 


3  y'rs,  1873-75,    .979  ct. 


.    _     .  .,      j3yrs,  1073-75,    .979 
Through  Fretght..,  \  ^  y,^^^  ^3^^_g^^    ^^^^ 


tt 


A  decrease  of 38601. 

Or,  in  percentage 39^  p.  c. 

(  3  y'ra,  1873-75,  a.487  cts. 
rhrough  Passenger'^  ^  y,^^  ^3^^^^  ,  g^^  .. 

A  decrease  of 0.686  ct. 

Or,  in  percentage 37^  p.  c. 


3  y'rs,  X873-75,  X.766  cts. 


Local  Freight \\VZ"Vr^' '"^ 

*  (3  y  «» 1879-81,  X.157 


tt 


a  decrease  of 609CL 

Or,  in  percentage 34)iP'C 

I  sr^l  P^^^        i  3  ^'"'  »873-7S,  «.978  Cts. 
Local  Passenger... .  ^  ^  y,^^  ^g^^^  ^^^  .. 


A  decrease  of 5*3  ct. 

Or,  in  percentage 13.31)16. 
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*^  and 

lare 

i  "  its 

/  such 

ing  evi- 

je  thrown 

jarly  always 
y  trifling  dif- 
way.     Thus  a 

1000  1000 

■ngth  entitled  it  to 

The  fractional  per- 

;he  line  which  happens 
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Table  95. 

Comparative  Through  and  Way  Rates,  Lake  Shore  &  Michigan  Soirraiuf 

Railway. 

(Cents  per  ton-mfle.) 


Year. 

East-Bound. 

Wbst-Boumd. 

Total 

Through. 

Way. 

Through. 

Way. 

1868 

1869 

1870 

1871 

1872 

1.56 

1.49 
1. 13 
1. 17 
1. 13 

3.49 
3.68 

2.67 

2.35 
2.04 

2.02 

1.78 

1.53 
1. 18 

1.49 

4.07 
4.05 

2.64 
2.26 
2.01 

2.43 
2.34 
1.50 

1.39 
1-37 

Comparative  Rates,  taking  Rates  of  1868  as  i.oo. 


1868, 
1869. 
1870. 
1871. 
1872. 


1.00 

.954 
.723 

.750 
.723 


1.00 

1.055 

.755 

.673 
.685 


1.00 
.882 
.758 

.585 
.738 


1.00 
.996 
.698 
.556 
.494 


1.00 
.963 
.617 
.572 
.563 


Since  1872  the  rates  have  not  been  made  public  in  this  fonn,  for  through  and  waj 
separately. 

It  will  be  seen  that  the  non-competitive  way  rates  fall  in  dose  sympathy  with  the 
competitive  rates,  and  vary  more  directly  with  each  other  than  the  East-bound  and  West- 
bound. 


already  alluded  to  (par.  54),  a  comparison  of  the  course  of 
through  and  local  rates  on  the  Cleveland,  Columbus,  Cincinnati 
&  Indianapolis  Railway  is  given  in  Tables  93  and  94,  and  on 
the  Lake  Shore  &  Michigan  Southern  Railway  in  Table  95,  which 
illustrate  the  fact  very  strikingly.  Few  roads  publish  reports 
from  which  such  statistics  can  be  obtained,  but  the  law  holds 
substantially  true  everywhere. 

219.  From  these  examples  it  takes  no  great  intelligence  to 
perceive  how  inexorable  is  the  law  that  the  line  which  places 
itself  originally  at  any  serious  disadvantage  has  no  escape  from 
the  consequences  of  its  folly  but  to  remedy  those  disadvantages. 
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Apparent  advantages  from  the  general  progress  in  wealth  and 
population  and  science  do  not  help  it  at  all,  since  all  lines  share 
alike  in  them.  They  simply  enable  it  to  hold  its  own,  and  ''  its 
own"  is  nothing  but  bare  existence.  We  have  in  many  such 
lines,  as  particularly  in  the  line  last  referred  to^  a  striking  evi- 
dence of  how  completely  an  enormous  investment  may  be  thrown 
away  solely  and  only  from  bad  engineering  advice. 

220.  It  may  be  added,  that  the  through  rate  is  nearly  always 
divided  by  some  even  percentage,  and  consequently  trifling  dif- 
ferences are  not  likely  to  affect  the  division  either  way.     Thus  a 

line  entitled  by  its  exact  mileage  to  receive  either  -^^  or  -^-^ 

lOOO  lOOO 

would  probably  receive  40  per  cent.  If  its  length  entitled  it  to 
it  would  probably  receive  41  per  cent.  The  fractional  per- 
centages are  sometimes  insisted  on  by  the  line  which  happens 
to  hold  the  stronger  position,  but  usually  any  advantage  of  that 
kind  takes  the  form  of  some  terminal  or  arbitrary  allowance 
instead  of  a  modification  of  the  percentage. 

221.  Since  the  receipts  of  any  one  road  from  competitive  ex- 
change traffic  vary  (i)  with  the  total  haul  on  each  unit  of  traffic, 
and  (2)  with  the  proportion  thereof  on  the  home  and  foreign 
roads,  the  effect  of  any  given  change  in  the  length  of  the  home 
road  will  be  different  on  traffic  between  all  possible  traffic  points. 
All  that  can  be  done,  therefore  (or  all  that  is  in  the  least  neces- 
sary to  do),  is  to  form  some  rude  idea  of  the  centre  of  gravity 
of  the  initial  and  terminal  points  of  shipment  at  each  end  of  the 
line,  which  will  often  be  quite  different  for  different  parts  of  the 
line. 

Precision  in  such  estimates  is  unimportant,  because  the  future  is  almost  cer- 
tain to  bring  about  great  changes,  and  perhaps  very  speedily.  But  when  two  al- 
ternate lines  are  under  comparison  in  other  respects,  the  approximate  effect  of 
their  differences  in  this  respect  also  should  be  determined,  with  a  view  of  seeing 
whether  they  strengthen  or  weaken,  or  utterly  nullify,  the  conclusions  that  would 
be  otherwise  reached.  That  they  do  the  latter,  so  as  to  in  themselves  alone 
cause  the  selection  of  one  route  instead  of  another,  should  be  admitted  only 
with  the  utmost  caution. 
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222.  The  effect  on  the  receipts  of  the  home  road  from 
through  competitive  traffic  of  an  increase  in  its  own  length  only, 
the  haul  on  its  connections  remaining  unchanged,  may  be  stated, 
with  adequate  exactness,  in  this  very  simple  way: 

The  interpolation  of  additional  distance  by  the  adoption  of  a 
longer  alternate  line  between  the  same  termini  will,  for  all  ordi- 
nary and  moderate  changes  of  length  (under  20  or  25  per  cent 
of  home  haul),  leave  the  earnings  per  mile  of  the  original 
(shorter)  line  unchanged,  and  enable  the  home  road  to  earn  on 
its  extra  mileage  as  large  a  percentage  of  the  average  per  mile  on  the 
shorter  line  as  the  percentage  of  the  foreign  haul  to  the  total  haul. 
This  law  holds  essentially  true,  regardless  of  the  amount  of  the 
added  mileage. 

For  example,  on  traffic  which  has  70  per  cent  foreign  haul, 
if  the  home  road  were  longer  it  would  receive  out  of  its  added 
proportion  of  through  competitive  freight  enough  to  earn  70  per 
cent  as  much  per  mile  on  the  added  mileage  as  on  the  original 
mileage,  the  earnings  on  the  latter  remaining  unchanged. 

223.  To  put  the  rule  in  another  and  shorter  way:  With 
through  competitive  traffic — 

The  per  cent  of  home  haul  in  the  total  haul -f- the  \  =  100  p.  c. 
per  cent  of  average  earnings  per  mile  realized  v  (always  a  li^ 
by  home  road  by  extra  mileage )      tie  less). 

The  maximum  and  minimum  "limits"  to  this  rule  are: 
I.  When  the  home  road  has  100  per  cent  of  the  haul  it  rea- 
lizes o  per  cent,  or  nothing,  on  any  extra  haul. 

3.  When  the  home  road  has  originally  o  per  cent  of  the  haul 
the  gain  to  its  receipts  from  any  haul  it  may  gain  is  100  per  cent 
of  the  average  rate  per  mile. 

224.  A  simple  geometric  demonstration  of  this  law  is  given 
in  Figs.  7  to  12,  with  their  accompanying  explanation.  The  law 
is  only  approximate,  and  for  very  great  changes  of  length  be- 
comes materially  in  error;  but  the  largest  probable  differences 
which  can  come  under  the  consideration  of  the  engineer  arc 
from  10  to  25  per  cent  in  the  home  haul,  and  for  such  differ- 
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nces  the  law  is  sufficiently  exact,  as  is  evident  in  Table  96, 
/hich  gives  the  exact  effect  on  receipts  of  modifications  of  10 
nd  20  per  cent  in  the  home  haul. 


Table  96. 

Effect  op  Changes  op  Distance  on  Earnings  from  Through  (Exchange) 

Competitive  Traffic 

vmnc  the  exact  effect,  and  illustrating  the  essential  truth  of  and  amount  of  error  in  the 

approximate  rule  in  paragraph  223. 

Effect  of  10  per  cent  Increase  of  Distance, 


Per  Cent  of 

Corresponding 

Per  Cent  of 

Sum  of 

Orwioal 
TotalHaul 

Receipts  of 

If  the  Homt  Road 

extra  Receipts 

Percentages 

Home  Road 

were  Ten  Per  Cent  longer  iu 

on 

in  First 

00  the 

out  of  $1.00 

Receipts  would  be— 

gxtra  Haul 

and  Last 

Mome  Road. 

Rate. 

to  Average. 

Columns. 

10 

locts. 

iVr  X  fi.oo  =    10.891 

89.1 

99.1 

20 

20  " 

^X    1.00=    21.57 

78.5 

98.5 

30 

30  " 

T^t  X     '-OO  =     32.04 

68.0 

98.0 

40 

40  •' 

^  X     1.00  =    42.31 

57.8 

97.8 

50 

50  •• 

-ff^  X    i.oo  =    52.38 

47.6 

97.6 

60 

60  •• 

^  X    I  00  =    62.26 

37.7 

97.7 

70 

70  " 

^X    1.00=    7196 

28.0 

98.0 

80 

80  " 

^  X    1.00  =    81.48 

18.5 

98.5 

90 
IOC 

go" 
100  *' 

^  X    1.00  =    90.83 
ffj  X    1.00  =  100  00 

9.0 
None. 

99.0 
100. 0 

Effect 

of  20  per  cent  Increase  of  Di 

Istance. 

10 

locts. 

iAfcX$i.oo=    11.765 
/ttr  X    1.00  =    23  07 

88.2 

98.2 

20 

20  -* 

76.8 

96.8 

30 

30  " 

iftx    100=    3396 

66.0 

96.0 

40 

40  " 

tVV  X    1.00  =    44.44 

55-5 

95.5 

50 

50  " 

/ftX    1.00=    54.545 

45.5 

95-4 

60 

60  " 

^  X    1.00  =    64.284 

35.7 

95-7 

70 

70  •• 

^  X    1.00  =    73.68 

26.3 

96.3 

80 

80  •* 

A,  X    I  00  =    82.80 

17.5 

97.5 

90 

90  " 

-|lx    1.00=    91.53 

8.5 

98.5 

100 

100  " 

•  41  X    I.oo  =  100.00 

None. 

lOO.O 
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Figs.  7  1^  t^,  Diagrams 

FETITIVE  Through  Traffic 


D*  D     E.- 

\On  Hum  diagraou  the  interpolaUd 


^ 


read  (/)  it  assumtd  Is 


[On  tlusi  diagrams  the 


Explanation  of  diagramt,  and  dcmonslraUoit,  from  Figs.  7  to  12,  of  law 
stated  in  par.  322, 
225.  In  ?ach  diagram  let  the  base  DC  =  the  total  haul  on  any  given  unit  of 
through  cnmpeiitive  traffic,  in  part  over  the  home  road,  Z^, and  in  part  over  one 

And  let  the  altitude  AD  =  BC  =  the  average  receipt  per  mile  on  this  unit 
of  traffic. 

Then  will  the  area  ARCD  =  the  total  through  rate  per  unit  of  traffic  Oes» 
any  terminal  or  other  constant  deduction),  and  the  areas  /f  and  ^=  the  frac- 
tions thereof  appertaining  to  the  home  and  foreign  roads,  respectively. 

Assume  the  total  haul  increased  to  DC  by  the  addition  of  the  distance  DO 
to  the  home  road.  Then,  since  the  total  through  rate  remains  the  same,  we 
shall  obtain  1  new  averaRC  rate  per  mile,  A' D' ,  of  such  amount  that  (he  area  of 
Ibe  new  rectangle  A' li' CD  =  area  of  original  rectangle  ABCD. 
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Furthermore: 

Rectangle  Aff  =  gross  amount  lost  by  both  roads  jointly  on  original  haul 
by  decrease  in  through  rate  per  mile  =  rectangle  AD  =  gross  timoMnl  gained  by 
hcmu  rood ex€lusiv€ly  from  earnings  at  decreased  average  rate  on  its  extra  mileage. 

But  if  we  assume  the  earnings  of  the  home  road  on  its  original  mileage  to 
be  unaffected  by  the  addition  thereto,  then  will  the  rectangles  EB  —  the  gross 
amount  lost  by  the  foreign  road  through  the  longer  haul  at  the  same  through 
rate,  and  this  area  only  will  represent  the  extra  receipts  of  the  home  road  on  its 
extra  mileage,  which  let  =  rectangle  A"D, 

Then  we  have,  geometrically, 

A"  Lf       EB^       . 

I.e., 


AB 


average 
through 
rate  per  mile 
on  new  and 
^  longer    haul 


(original 
haul  on 
foreign 
road 


(origi- 
Tot, 
haul. 


AD 

Net  rate  per  mile  realized  ' 
on   home    road  on  added 
hanl  (rate  realized  by  home   >  is  to  < 
road  on  original    mileage 
being  supposed  unchanged)  J 

For  example:  If  25,  50,  or  75  per  cent  of  the  original  haul  (before  the  home 
line  was  lengthened)  was  on  the  foreign  road,  the  home  road  will  realize  (within 
a  trifling  error,  shown  in  Table  96)  25.  50,  or  75  per  cent  of  the  new  average 
through  rate  per  mile  on  any  added  mileage,  without  suffering  any  such  reduc- 
tion as  its  connections  have  to  suffer  on  its  original  mileage. 

In  practice,  the  changes  of  length  which  the  engineer  is  called  upon  to  con- 
sider will  ordinarily  be  so  small  that  the  through  rate  per  mile  of  competitive 
freight  will  be  but  little  affected,  so  that  we  may  say  in  Figs.  7  to  12  that  practi- 
cally A' ly  =  AD^  whence  we  have  the  approximate  law  of  par.  222. 


Table  97. 

PROPOKTION  OF  THROUGH  AND   LoCAL  FREIGHT  IN  EACH  CENSUS    GrOUP    OP 

THE  United  Si atks. 
[Computed  from  Census  of  1880.]    (Earnings.) 


Census  Group. 

Through 
Freight. 

Local 
Freight. 

Toul. 

I.  New  England 

II.  Middle  to  Indiana. . . . 

III.  Southern 

IV.  N.  W.  Central 

V.  Louisiana  and  Ark 

VI.  Far  West 

69.7 
60.5 

58.4 
43.8 
51.5 
39-5 

30.3 

39.5 
41.6 

56.2 

48.5 
61.5 

100. 
100. 
100. 
100. 
ICO. 

100. 

Total  United  States. 

56. 

44. 

100. 

For  more  aocorate  designation  of  groups  see  Table  9a  and  others.     Not  all  the  freight 
here  classed  as  "throogfa"  is  competitive  traffic,  by  any  means. 
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Table  9B. 

Freight  Movement,  Through  and  Local,  East  and  West,  on  Pbnnsti^ 
VANiA  Railroad  (P.  R.  R.  Div.  only)  for  Thirty-five  Years. 

(Paying  freight  only.    Statistics  exist  no  fazther  back.) 


Tons  Carribd. 
X  —  1,000,000. 

Ton-Milkagr. 

Ybar. 

Through. 

Local. 

Total 

1 

ThroQgh. 

Local. 

Total 

East,   j  West. 

East. 

West. 

East. 

West. 

East. 

West. 

Z851  — 
5a  . . . 
53  •  •  • 
54- •• 
55   .-. 

.005  '      .008 
.0x3  i       .019 
.036  i      .038 

.106  '       .065 

.008 

.02X 
.049 

.005 
.0x5 
.037 
.054 
.065 

0.026 
0.069 
0.160 

0.237 
0.365 

■'a.*35 
8.30 

36.9 

10.6 
16.3 

13. 1 
36.6 
41.7 

4-3 

11.4 

11.9 

»7-3 

x6*8 

40.0 

61.6 

xoas 

1851-5   • 

.051         .04a 

.072 

■043 

0.207 

X3.5Z 

9.58 

31.83 

11. ao 

55.11 

X856.... 

57-. •• 
58.... 
59.... 
60  ... 

.089  ,       .076 
.094  ,      .077 
.141  1      .080 
.X30  i       .X03 
.176  '       .xoo 

t 

.404 

•  571 
.642 

.092 
.406 
.421 

.366 
.429 

0.454 
0.964 
X.047 
X.X70 
1.346 

33. 0 
235 

46.5 
63.0 

X9.0 
19. 1 
19.8 

37» 
35-7 

67.3 
75.6 

89.9 

'3-5 
30.8 

3«-7 
26.4 

■   X19.8 

X40.7 
X62.1 
X80.3 
215. 1 

1856-60. 

.126 

.087 

.440 

•343 

0.996 

38.0 

a6.i6 

7«.54 

27.92 

163.63 

1861.... 
6a.... 
63... 
64.... 
65.... 

0.31 

0-37 
0.35 
0.3a 
0.30 

0.08 
O.X3 

013 
o.xs 

0.16 

0.86 

i>3 
1.23 

X.48 
x.4a 

0.37 

0-43 
0.56 

0.63 
0.67 

X.63 
a. 06 
a. 37 

2.59 
a. 56 

XZX.3 
X3X.5 
134.9 

X08.4 

38.1 

45-9 
45.5 

57.6 

130.9 
163.8 

«77.7 

300.0 
303.9 

30.0 

45-6 

53.3 

50.1 

280.3 

376-2 
393-7 
420.6 
420.1 

X861-5.. 

0.33 

0.T3 

x.aa 

0.53 

a.aa 

1x8.30 

46.0* 

173.36 

40.60 

378.ll 

z866.... 
67.... 
68.... 
69.... 
70.... 

0.3a 
0.3X 

0-39 
0.47 

0.54 

0.16 
0.17 
o.aa 
0.33 
0.33 

x.84 

2.21 

2.58 

a. 8a 
3-07 

0.86 
x.oa 
x.a4 
1-47 
1.58 

3.19 
3-7« 

4-43 
5.00 

5-43 

XI3. 

no. 

141. 

X69. 

X94. 

58.8 
6a  .0 

83- 

t7«. 
3a«. 

373- 
403. 

439. 

65.0 

Si 

98.9 

no. 

676. 

753. 
826. 

1866-70. 

0.41 

0.30 

3.50 

1.23 

4-35 

»45-4 

73.9 

363. 

86.3 

667.0 

Z871 

7a.... 
73 ... . 
74... 
75   ••• 

0.7X 
0.79 
0.87 
1.07 
x.oo 

0.36 
0.32 
0.30 
035 

370 
4.32 

548 
4.92 

5-39 

X.85 
a. 47 
a-54 
a. 34 
2-37 

6.58 

7.84 
9.21 
8.63 
9.1a 

S5: 

3". 
358. 

1x3. 
130. 

a: 

136. 

IP* 

831. 

"3. 
153. 

X37. 
119. 

»33- 

X012. 
X190. 
1385. 

«373- 
«479. 

X87X-5.. 

0.89 

0-33 

4-74 

2.31 

8.27 

3x7.6 

1X8.3 

731. a 

130.8 

1287.3 

1876.... 
77.... 
78.... 
79... 
80... 

1.32 

x.oa 
»-45 

0.29 
0.39 
0.29 
0.38 
0.4Q 

5-79 
571 
6.20 

7.59 
8.51 

2.52 
2.72 

3  01 
4.0X 

4.79 
3  41 

9.92 

9-74 

10.95 

13.68 

«5-36 

473. 
364. 

519- 
605. 

565. 

105. 
103. 
103. 

«37. 
«74. 

1330. 

«36. 
«59. 
«75. 
357. 

3«9. 

1(30. 

«49S- 
1733. 

3137. 
3398. 

1876-80.]     1. 41 

0-35 

6.76 

11.93 

505.2 

134.4 

1017.6 

811.3 

1858.4 

1881.... 
8a.... 
83.... 
84... 
85.... 

1.64 

1-35 

1.38 

0.57 

0.59 
0.56 

0.53 
0.57 

10.12 
II. 01 
12.47 

»3-3.^ 
13.88 

5-91 
6.51 
7.27 

7-43 
7.91 

18.23 
20.36 
21.67 
22.58 
24.05 

586. 
483. 
494- 
468. 
612. 

303. 
3x3. 
199. 
193. 
S09. 

145a- 
»755. 
185J. 

1969. 

4«4. 
430. 

539. 

365s- 
a8lo. 

2997- 
33«8. 

x88x-s.. 

1-47 

0.56 

12-34 

7.00 

31.38 

528.6 

•03. « 

«793.4 

461.6 

1986.4 
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Table  98. — Continued. 
Summary  by  Half* Decades. 


Tom  Cakmbo. 

TON-MlLBACB. 

1  =  1,000,000. 

Ybas. 

Ttaronffa.       |          Local. 

Total. 

Through. 

Local. 

TotaL 

East. 

W«tL 

Bast. 

West. 

East. 

WesL      East. 

West. 

"•5«-$-- 

.05 

.04 

.07 

•04 

o.ai 

xa.5 

9.6 

ax. 8 

XX. a 

55. « 

sts6-6o. 

•«3 

.09 

•44 

.34 

z.oo 

38.0 

a6.a 

7X-5 

a7-9 

Z63.6 

sa6i-s.. 

•33 

.»3 

i.aa 

•53 

a.aa 

ZX8.3 

46.0 

X73.3 

40.6 

378. « 

SM6.70. 

•4« 

.90 

a. SO 

1.83 

4-35 

X45-4 

7a. 9 

36a. 4 

86. a 

667.0 

it7t-s  . 

.«9 

•33 

4.74 

a.31 

8.«7 

3x7.6 

1x8. a 

7az.a 

X30.8 

1287.8 

tt76.<o. 

1.4X 

•35 

6.76 

3.41 

XI. 93 

505. a 

X94'4 

X017.6 

aix.a 

1858.4 

«tts-s>> 

«-47 

.56 

ia.34 

7.00 

ax. 38 

5a8.6 

ao3.a 

«793.4 

46Z.6 

a986.4 

Percentages  and  Average  Local  Haul. 


Pbk  Cbnts 

or  Total. 

A  li^p  n mm 

m.     U*«.f 

Tbas. 

Toos. 

Ton-miles. 

Average  ««••«• 

on 
Local  Freight. 

Through. 

Local. 

Through. 

Lo( 
East. 

cal. 
West. 

BasL 

West. 

East. 

West. 

East. 

West. 

East. 

West, 

ii5i-5  • 

»4.5 

ao.5 

34.5 

ao.5 

aa.7 

X7-3 

39.6 

ao.4 

30.3 

a6.o 

x856-^. 

"7 

8.7 

44.a 

34  4 

»3-3 

x6.o 

43-7 

17.0 

163. 

81.0 

1861-5. . 

15.0 

59 

55- « 

a4.o 

3«-3 

X3.I 

45-7 

X0.9 

141. 

76.5 

tt66-70- 

9-4 

4.6 

57-7 

a8.3 

ax. 8 

X0.9 

54.4 

xa.9 

»45- 

70.a 

st7x-S-- 

B0.8 

40 

57-3 

»7-9 

a4.7 

9.x 

56.0 

zo.a 

151. 

56.6 

1876-80. 

sf.8 

a.9 

56.7 

a8.6 

VI. \ 

6.7 

54^8 

"4 

X50. 

6x  9 

ttts-s  . 

6.9 

S.6 

57-7 

3a.8 

X7.6 

6.8 

60. a 

»5.4 

X45- 

66.0 

226.  From  the  additional  receipts  thus  realized  is  to  be  de- 
ducted the  additional  cost  of  earning  it,  which  we  have  seen  may 
vary  anywhere  from  25  to  40  or  (for  great  changes)  50  per  cent 
of  the  average  cost  per  mile.  No  absolute  profit,  therefore,  can 
be  realized  from  longer  home-haul  of  competitive  freight,  unless 
the  foreign  haul  is  greater  than  25  to  40  or  50  per  cent  of  the 
total.  But  with  any  foreign  haul  whatever  there  is  some 
credit  as  well  as  debit  side  to  the  disadvantages  of  distance  for 
this  class  of  traffic 
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ITI.   Let  us  now  see,  in  continuation  of  par.  205,  how  much 
weight  should  be  probably  given  to  differences  of  distance  as 
RESPECTS  WAY  TRAFFIC.    Table  92  and  various  others  will  show  that 
it  is  a  fairly  low  estimate  to  assume  40  passengers  or  100  tons 
of  freight  as  an  average  train-load,  about  one  half  of  which  (sec 
Tables  97  and  98)  will  be  local  traffic,  at  rates  fixed  by  the  mile 
or  at  the  will  of  the  company.   The  fluctuations  from  this  average 
are  very  great  indeed,  and  a  nearer  estimate  can  easily  be  formed 
in  any  particular  case.     Assuming  the  above  average,  however, 
at  \\  cents  per  mile  for  freight  and  2\  cents  for  passengers,  this 
purely  local  traffic  would  net  50  to  62^  cents  per  train-mile.    On 
the  other  hand,  we  have  already  estimated  (Table  89  and  par.  195) 
the  actual  cost  of  running  an  extra  mile  at  from  25  to  50  cents. 
This  sum  includes  all  expenses  for  running  such  distance,  so  that 
any  additional  receipts  arising  therefrom  must  be  credited  against 
it  in  full. 

228.  Accordingly,  it  is  plain  that  whenever  way  rates  are 
actually  determined  by  the  distance  alone,  any  reduction  of  dis- 
tance would  be  very  apt  even  to  entail  a  balance  of  loss  upon 
the  company.  For  example,  it  would  undoubtedly  entail  a  net 
loss  on  the  New  York  Central  Railroad,  from  their  way  business 
alone,  to  shorten  their  line  by  several  miles,  even  if  it  could  be 
done  without  cost  to  them,  provided  all  their  business,  "  way"  as 
well  as  "through,"  had  to  be  transported  over  the  new  line;  for 
60  cents  would  be  a  very  high  estimate  of  the  actual  cost  of  run- 
ning extra  distance  on  that  road.  On  the  other  hand,  taking  an 
average  train-load  (on  main  line  only)  of  100  passengers,  and 
assuming  the  very  low  proportion  of  one  half  as  that  on  which 
the  receipts  are  fixed  by  the  legal  limit  of  2  cents  per  mile,  we 
have  an  average  gross  loss  of  100  cents  per  train-mile,  or  a  net 
loss  of  40  cents  for  every  mile  cut  out  of  the  line.  And  if  the  gross 
loss  had  been  but  10  cents  instead  of  100,  it  would  have  operated 
to  reduce  the  value  of  any  saving  of  this  distance  by  so  much, 
although  not  entirely  destroying  it. 

229.  All  way  traffic,  however,  is  not  by  any  means  rated  solely 
by  the  mile ;  nor  would  any  railway  think  of  attempting  to  so 
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rate  it,  even  if  it  had  the  power  to  do  so,  without  destroying 
business.  Tables  93-5  clearly  show  this.  Table  98,  showing  the 
enormous  and  growing  proportion  which  local  traffic  makes  of 
the  total  traffic  of  a  line  like  the  Pennsylvania  even,  which  is 
often  thought  of  as  chiefly  a  through  trunk  line,  makes  it  still 
clearer  that  it  is  impossible  that  local  traffic  should  be  all  so 
rated.  And  yet  a  line  no  miles  long  instead  of  100,  between 
two  given  points,  will,  or  can  be  made  to,  derive  some  addition 
to  gross  receipts  without  working  either  hardship  or  injustice. 
The  local  passenger  rates  would  be  perhaps  $3.30  instead  of  $5 
—a  difference  which  those  who  may  be  called  floating  or  occa- 
sional travellers  (those  making  one  or  two  or  ten  trips  a  year) 
can  well  afford  to  pay,  and  would  pay,  probably  without  feeling 
the  difference.  If  we  estimate  the  total  extra  cost  of  running  the 
10  miles  extra  distance  at  ^3,  which  would  ordinarily  be  ample, 
it  would  require  but  10  such  passengers  per  train  to  wholly 
counterbalance  the  cost  of  running  the  extra  distance.  That 
road  would  be  the  exception  perhaps  which  did  not  average  10 
such  passengers  per  train,  and  substantially  the  same  condition 
of  things  exists  on  many  roads  in  freight  business  also. 

For  the  remainder  of  the  traffic,  to  which  the  greater  rate  for 
the  extra  distance  would  be  a  real  hardship  and  burden,  it  is 
entirely  at  the  discretion  of  a  railway  company  to  do  away  with 
the  extra  burden  by  special  rates  based  on  volume  of  business 
furnished;  and  this  is  the  true  and  just  principle  of  fixing  rates 
under  all  circumstances;  for  the  interest  both  of  the  stockholders 
and  the  general  public.  A  man  who  travels  or  makes  a  ship- 
ment over  a  line  once  a  year  is  not  greatly  burdened  by  even  a 
considerable  difference  of  rates,  and  it  may  equitably  be  col- 
lected from  him.  A  constant  patron  of  the  line,  on  the  other 
hand,  finds  the  same  difference  of  rate  a  very  great  burden. 

230.  Thus  we  seem  driven  to  the  conclusion  that  it  is  rather 
worse  than  money  thrown  away  for  any  average  road  to  spend 
money  in  shortening  its  line,  nor  is  there  any  escape  from  the 
conclusion  that  there  is  only  one  class  of  road  to  which  it  can, 
under  any  circumstances,  be  any  great  object  to  do  so; — those, 
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namely,  whose  traffic  is  mostly  hauled  over  their  own  lines  ex- 
clusively, while  at  the  same  time  the  rates  on  a  large  portion  of 
it  are  directly  or  indirectly  fixed  by  competition,  as  on  two  or 
three  of  the  great  trunk  lines.  A  large  non-competitive  way 
traffic  alone  may  entirely  neutralize  the  pecuniary  value  to  the 
company  of  saving  distance. 

231.  But  these  conclusions,  although  undeniably  true,  should 
be  acted  upon  with  even  greater  caution  than  those  already  sug- 
gested with  respect  to  through  business,  and  only  when  there  is 
no  possible  doubt  as  to  the  interests  of  the  company.  For  as  a 
question  of  public  policy  the  conditions  which  bring  about  a 
credit  side  to  distance  have  no  force  whatever,  the  ultimate  loss 
to  the  community  from  an  unproductive  and  avoidable  service 
being  the  same  whether  borne  directly  by  the  railway  company 
or  transferred  by  it  to  the  general  public.  And  inasmuch  as  the 
prosperity  of  a  railway  is  intimately  connected  with  that  of  its 
supporting  population,  the  policy  under  certain  circumstances^ 
perhaps  under  any  circumstances — of  thus  counting  in  as  a  make- 
weight a  possibly  avoidable  tax  (a  large  fraction  of  which  is,  so 
to  speak,  spent  in  collecting  it),  however  fairly  distributed  and 
lightly  borne,  may  be  questioned,  especially  as  the  ability  to 
collect  it  through  absence  of  competition  is,  by  its  very  nature, 
temporary  and  changeable.  Nevertheless  a  railway  is  a  busi- 
ness enterprise  and  not  a  charitable  institution,  and  it  has  the 
same  right  as  any  private  citizen  to  take  every  reasonable  pre- 
caution  to  secure  pecuniary  success. 

232.  The  future  returns  to  the  investors  are  always  more  or 
less  problematical,  while  the  benefit  to  the  public  is  not  prob- 
lematical, and  always  far  ahead  of  any  possible  profit  to  the  in- 
vestors. It  is  hardly  reasonable  to  demand,  therefore,  that  rail- 
ways shall  increase  their  investment  for  the  sake  of  decreasing 
the  return  on  that  investment  paid  by  the  public;  and  sound 
policy  requires  and  justifies  this  at  least — that  the  expenditure 
should  be  mainly  directed  not  to  shortening  the  line,  but  to  re- 
ducing the  gradients  or  vertical  distances,  which  we  shall  find  to 
be  immensely  more  important  than  linear  variations  in  their  ef' 
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feet  on  operating  expenses,  but  over  which  a  railway  can  under 
no  circumstances  derive  additional  revenue  by  running  its  trains. 
For  it  is  far  easier  to  collect  pay  from  an  intelligent  public  for 
carrying  them  ten  miles  around  a  mountain  than  for  taking  them 
over  the  top  of  it,  while  it  costs  far  less  to  do  it. 

233.  Especially  when  the  question  comes  up  of  lengthening 
THE  LINE  TO  SECURE  WAV  BUSINESS,  as  Suggested  in  Chapter  III., 
we  may  almost  say  that  where  there  seems  any  room  for  doubt 
it  will  almost  always  be  policy  to  do.  so.  Extra  business  to  a 
railway — the  engineer  will  rarely  err  in  thinking — is  almost  all 
clear  profit.  Of  passenger  business  this  is  literally  true  until 
the  increase  becomes  considerable.  Of  freight  business  it  is  so 
nearly  true,  that  80  or  90  per  cent  at  least  of  a  way  rate  is  clear 
profit  over  the  actual  cost  of  any  one  particular  extra  shipment. 
(See  also  par.  181.) 

234*  Let  us  suppose,  for  example,  that  the  A.  &  B.  Railway,  Fig.  13, 
100  miles  long,  is  deflected  10  miles  north  to  strike  some  way  point  C. 
The  increase  of  length,  if 
the  road  were  all  a  straight 
line,  would  be  as  nearly  as 
may  be  two  miles,  and  the 
extra  cost  of  running  those 
two  miles  probably  fifty  to  seventy-five  cents  per  train,  as  already  esti- 
mated. 

235.  The  loss  of  distance  from  even  very  considerable  deviations  from  an 
air-line  is  commonly  absurdly  over-estimated,  even  in  the  minds  of  engineers, 
in  a  way  and  for  reasons  more  fully  discussed  later  (Chap.  XXVIII.).  Young 
engineers  are  rarely  trained  in  such  matters,  and  should  take  pains  to  disabuse 
their  minds  of  impressions  which  often  lead  them  to  take  for  granted  assump- 
tions in  this  respect  which  have  a  mere  shadow  of  foundation  in  fact. 

On  such  a  road,  if  running  ten  trains  daily  each  way,  this  loss  would 
amount  to  $3650  to  $5475  per  year.  A  very  insignificant  town  will  fur- 
nish as  much  business  as  that,  as  will  be  evident  from  Tables  14  to  28, 
The  average  payment  to  railways  in  the  North  Central  States  being 
about  $13  per  head  per  year,  an  average  village  of  300  to  500  people  would 
be  a  sufficient  inducement  for  such  a  deflection.  There  are,  of  course. 
extreme  fluctuations  in  the  probable  revenue  from  a  village  of  that  size. 
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A  village  of  coal-miners  will  produce  ten  times  that  traffic  at  least,  and 
some  retired  hamlet  not  a  tenth  of  it. 

236.  The  preceding  is  independent  of  the  effect  of  the  two  miles 
extra  distance  to  increase  receipts  as  well  as  expenses  on  the  traftic  as  a 
whole.  Takmg  that  into  account,  it  needs  no  further  demonstration  to 
show  that  it  must  in  general  be  a  serious  mistake  to  neglect  way  points 
simply  to  shorten  the  line,  unless  the  grades  are  also  affected.  In  the 
latter  case  it  becomes  more  doubtful ;  but  taking  the  country  as  a  whole, 
not  only  the  private  interests  of  railway  corporations  but  the  interests  of 
the  general  public  as  well  have  suffered  great  disadvantage  and  loss  from 
contrary  practices,  while  the  aggregate  railway  mileage  has  been  unnec- 
essarily increased  ;  for  a  slight  swerve  in  the  main  line  will  often  save  a 
long  branch  or  a  longer  competitive  line. 

237.  The  doubting  engineer  may  safely  take  the  two  following  as 
prima-facie  guides,  to  be  deviated  from  only  as  special  reason  to  the  con- 
trary appears : 

1.  Any  deviation  which  will  increase  the  average  per  mile  of 
ROAD  OF  TRIBUTARY  POPULATION  (weighing  the  latter,  of  course,  in 
proportion  to  their  revenue-producing  capacity)  is  all  but  certainly  ex- 
pedient, because  it  is  mathematically  demonstrable  that  the  longer  line 
ought  then  to  be  for  the  joint  advantage  of  the  community  and  the  rail- 
way (see  Chap  XXL). 

2.  Even  if  the  gain  be  considerably  less  than  this,  the  deviation  may 
easily  be  (and  probably  is)  for  the  interest  of  the  railway,  although  not 
in  that  case  expedient  in  itself,  as  a  question  of  public  policy. 

238.  All  the  preceding  conclusions  as  to  the  comparatively 
slight  importance  of  distance  (and  the  same  is  true  of  all  the 
minor  details  of  alignment)  may  well  lead  \o  ruinous  conse- 
quences if  they  are  stretched  until  they  crack  to  support  some 
extended  and  radical  change  materially  modifying  the  cost  and 
convenience  of  transportation,  and  so  discouraging  traffic;  for 
it  must  never  be  lost  sight  of,  that  anything  which  tends  to  per- 
manently increase  by  ever  so  little  the  cost  to  the  public  of  any 
given  service  is  disadvantageous  to  all  parties,  although  its  dis- 
advantages may  be  more  than  made  up  to  one  party  by  the  gains; 
and  if  the  difference  be  extreme,  the  danger  of  permanent  dis- 
aster to  the  property  is  great.  The  point  which  it  has  been 
sought  to  bring  out  is,  that  even  in  extreme  cases  there  always  is 
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ji  credit  side  of  considerable  importance  to  increase  of  distance 
^-contrary  to  the  idea  which  prevails  to  an  unfortunate  extent, 
that  a  short  and  direct  line  is  the  first  desideratum,  to  which 
almost  everything  else  must  bend.  On  the  contrary,  it  would 
be  hard  to  put  the  general  rule  which  'should  govern  action 
«bout  obtaining  a  short  line  in  a  simpler  and  safer  form  than  to 
say  that  it  is  the  one  desideratum  about  a  railway  which  it  is  a 
H^ood  thing  to  have  if  it  costs  nothing,  but  which  must  give  way 
to  other  considerations  in  case  of  conflict,  and  is  not  worth  spend- 
ing much  money  for. 

There  are  cases — as  for  instance  a  line  between  New  York 
and  Philadelphia — where  it  is  of  great  importance;  but  the  excep- 
tional position  of  distance  as  the  one  element  of  cost  of  trans- 
portation which  is  used  as  a  basis  for  collecting  revenue  makes 
such  exceptions  rare.  If  the  conditions  were  different — if,  for  ex- 
ample, we  could  charge  the  passengers  we  did  get  more,  because 
we  had  sacrificed  the  chance  of  getting  some  others  in  order  to 
carry  them  more  quickly — all  this  special  pleading  would  fall  to 
the  ground,  and  distance  would  take  its  true  relative  position 
with  the  other  elements  of  the  cost  of  transportation  on  the  basis 
of  cost  alone.  But  the  very  fact  that  this  is  not  the  case  seems 
to  have  had  the  effect  of  reversing  a  reasonable  deduction  from 
Che  premises,  in  the  minds  of  the  more  ignorant  and  thoughtless, 
by  leading  to  some  such  hazy  chain  of  reasoning  as  we  noted  in 
the  beginning  of  this  chapter. 

239.  There  is  another  argument,  of  much  the  same  vague 
kind  as  that  last  referred  to,  but  of  a  more  reasonable  and  tan- 
gible character,  which  is  sometimes  brought  up  as  a  reason  for 
saving  distance,  viz.,  the  ''  moral  effect"  of  a  short  line  in 
helping  to  secure  traffic.  Nor  is  this  argument  wholly  unjusti- 
fied, for  there  are  numerous  lines  throughout  the  country  which 
do  apparently  suffer  simply  from  the  length  of  their  line  fright- 
ening away  passengers  and  fast-freight  traffic.  We  may  see 
that  this  effect  is  feared  by  the  current  fashion  of  misrepresent- 
ing geog^phy  in  railway  advertising  circulars. 

240.  Many  lines  which  are  not  particularly  direct,  however, 
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do  not  do  this,  and  the  prosperity  of  a  single  conspicuous  line^ 
the  New  York  Central  &  Hudson  River  Railroad,  will  show  that 
there  is  nothing  in  distance  pure  and  simple  to  deter  travel  until, 
as  in  the  case  of  the  Grand  Trunk  Railway  in  competing  for 
American  business,  the  difference  of  distance  becomes  so  great 
as  to  seriously  lengthen   the  total  time  of  the  trip) — a  result 
not  commonly  to  be  feared  from  probable  engineering  modifica- 
tions of  any  given  line.     The  enormous  proportion  of  the  New 
York-Chicago  travel  which  the  New  York  Central  secures  in 
spite  of  being  the  longest  of  three  prominent  lines  (970  miles 
against  961  by  the  Erie  and  912  by  the  Pennsylvania),  and  in 
spite  of  taking  passengers  150  miles  north  before  they  begin  to 
go  toward  their  destination  at  all,  is  sufficient  proof  that,  if  a 
line   be   equally   comfortable   and    well   managed,   and   makes 
equally  good  through  time  (as  all  lines  do,  for  the  most  part^ 
by  general  agreement,  which  ticket  through  at  the  same  price, 
and  as  any  line  can  successfully  insist  on  doing  when  its  length 
is  not  in  excess  over  10  or  15  per  cent),  it  will  not  suffer  to  any 
material  extent  from  this  cause  alone.     That  the  New  York  Cen- 
tral is  no  very  great  sufferer  hardly  needs  further  demonstration 
than  may  be  found  in  various  tables  by  referring  to  the  Index. 

241.  The  difficulty  is  (par.  51)  that  the  lines  least  favored  as  to 
distance  are  generally  less  desirable  in  other  respects.  There 
are  more  connections  to  make,  less  favorable  through-car  arrange- 
ments, a  less  number  of  and  slower  trains,  etc.,  etc.  At  the  very 
worst,  moreover,  this  objection  only  applies  to  a  very  small  por- 
tion, and  that  the  least  profitable  portion,  of  the  traffic  of  a  roadr 
and  it  does  not  apply  at  all  to  those  small  changes,  of  a  few  miles- 
more  or  less,  which  the  engineer  is  most  frequently  called  upon 
to  consider,  and  to  which  this  chapter  has  mainly  referred. 

242.  The  conclusions  reached  in  this  chapter  have  rarely  been  recog* 
nized  in  the  practice  of  engineers,  but  instances  are  not  wanting  where 
they  have  been  clear  enough  to  operating  officers.  As  one  instance  of 
the  latter,  on  the  "  Pan  Handle"  road  (Pittsburg,  Cincinnati  &  St.  Louis) 
a  tunnel  near  Steubenvillc,  O.,  saving  two  miles  of  distance  and  much 
curvature,  but  costing  $300,000,  was  avoided  by  a  temporary  line.  When 
at  last  means  became  sufficient  to  construct  it,  the  general  manager  of 


CHAP,   VII.^DISTANCE^MORAL  EFFECT,  24I 

the  line  objected  to  its  construction  on  the  ground  that,  even  though  the 
grreater  part  of  their  traffic  was  local  to  the  vast  Pennsylvania  system,  the 
loss  from  revenue  on  the  two  miles  saved  would  far  more  than  counter- 
balance the  saving  in  operating  expenses ;  and  proved  it  so  conclusively 
that  the  construction  was  for  some  years  postponed.  Subsequently,  on 
account  of  the  exceptionally  commanding  position  of  the  Pennsylvania 
roads,  it  was  believed  that  the  old  distance  could  be  considered  as  con- 
structively still  existing  so  that  this  loss  would  not  arise,  and  the  tunnel 
was  built.  Whether  or  not  this  expectation  has  been  maintained  the 
writer  cannot  state,  nor  does  it  affea  the  force  of  the  example. 
16 
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CHAPTER  VIIL 


CURVATURE. 


943.  It  is  the 
peculiarity  of  cur- 
vature that  all  its 
I  disadvantages  lie 
upon  the  surface, 
visible  to  every 
eye  and  compre- 
hensible by  every 
mind.  A  heavy 
grade  is  very  un- 
obtrusive. The 
most  skilful  and 
observant  eye can- 
not detect  differ- 
,T  BcoND-  ences  of  grade 
sBci'swB  which  decrease  by 
NKCES6A-  a  large  percent- 
™  **™  age  the  operating 
value  of  the  line. 
But  curves  attract  instant  attention,  and  their  disadvantages  ap- 
peal even  more  strongly  to  the  imagination  of  the  inexpert  than 
to  the  instructed  judgment  of  the  engineer.     A  visible  defect  or 

*  This  llluiitralion  the  wtUlt  bnrnivus  from  the  heading  to  a  chapter  on  "  Railm* 
Constructiim"  of  an  Kn^lish  eneineerini;  work.  Whether  or  not  it  is  a  mere  fancy  sketch 
tie  cannot  liay;  hut  It  at  least  has  no  little  vetisimititude  to  not  a  few  actual  works.  The 
question  nalumlly  arises^  n-liat  tlie  curve  in  the  foreground  is  for.  espedally  if  the  steeple 
in  the  midtile  distance  is  a  hint  of  a  town,  or,  if  a  cune  was  deemed  neceasaiy.  why  it 
was  nnl  made  a  liltlc  longer.  There  may  likewise  be  found  in  the  picture  ■  hint  as  to 
Ihe  e\lL-nt  to  which  a  lai^er  eKjienditure  for  constniction  necessariW  unplica  abetter  line. 
The  further  moral  which  t1)e  picture  is  calculated  to  teach  ma;  be  teft  M  the  ingenuiij  of 
the  reader. 


CHAP.  VIII.— CURVATURE.  243 

danger  is  always  more  keenly  appreciated  and  dreaded  than  one 
which  it  requires  special  training  to  detect;  and  since  there  is 
always  a  natural  tendency  to  correct  the  faults  which  every  one 
sees  and  to  forget  the  faults  which  no  one  thinks  of,  it  is  evi- 
dent that  this  simple  fact  must  always  have  a  powerful  if  unde- 
tected influence  while  human  nature  remains  what  it  is. 

244.  And  when  we  come  to  consider  what  are  the  more  solid 
objections  to  curvature,  we  find  at  once  that  a  formidable  and 
undeniably  true  list  of  objections  to  it  may  be  made,  consisting 
of  many  counts  ;  as  thus  : 

1.  //  causes  a  considerable  loss  of  power  and  considerably  more 
wear  and  tear  of  rolling-stock  and  road-bed,  thus  increasing 
expenses. 

2.  //  does  or  may  limit  the  length  of  trains^  and  thus  still  more 
increase  expenses. 

3.  //  causes  a  considerable  expense  for  extra  watchfulness  and  tracks 
ttmlking,  and  thus  indirectly  still  more  increases  expenses. 

These  three  are  what  may  be  called  the  definite  and  positive 
objections  to  curvature.  We  can  estimate  them  with  some  de- 
jrree  of  certainty  and  exactness.  But  there  are  still  others  which 
are  essentially  indeterminate,  and  which  for  that  very  reason  \t 
behooves  us  to  examine  into  the  more  closely,  lest  the  haze  of 
doubt  which  unavoidably  surrounds  them  should  on  the  one 
hand  unduly  obscure  them,  or,  on  the  other,  have  a  mirage-like 
effect,  magnifying  them  into  undue  proportions.  Among  these 
causes  are  : 

4.  The  danger  of  derailment  is  increasedj  and  the  consequences 
of  such  derailment  when  it  occurs  are  more  likely  to  be  seri- 
ous. 

5.  The  danger  of  collision  is  increased  by  the  obstruction  of  the 
view. 

6.  There  is  more  difficulty  in  making  time^  and  thus  passenger 
travel  is  likely  to  be  affected. 

7.  //  injuriously  affects  the  smooth  riding  of  cars,  and  thus  deters 
travel. 

8.  //  impresses  the  imagination  of  travellers  with  a  feeling  of  danger 
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even  if  none  exists^  and  thus  in  a  third  way  afEects  travel  unfavor- 
ably; and,  finally, 

9.  //  is  more  or  less  an  obstacle  to  the  use  of  the  heaviest  and  most 
powerful  types  of  engines. 

This  is  a  formidable  indictment,  indeed,  and  when  it  is  ex« 
tended  from  curvature  in  the  abstract  to  sharp  curvature  as 
against  easy  curvature  it  becomes  still  more  so ;  for  there  is 
then  more  wear  and  tear,  more  danger  of  limiting  trains  and 
more  injurious  effect  upon  the  safety  and  speed  of  trains,  the 
comfort  of  travellers  and  the  reputation  of  the  line. 

245.  It  is  therefore  not  unnatural  that  a  very  general  course 
of  reasoning  on  the  question  should  be  :  "Each  one  of  these  ob- 
jections to  curvature  amounts  to  something ;  plainly,  therefore, 
in  the  aggregate  they  must  amount  to  a  great  deal,  although 
no  one  can  ever  determine  exactly  how  much.  If  the  curvature 
be  sharp  they  will  be  several  times  more  serious,  and  in  fact  will 
then  become  entirely  inadmissible  for  such  a  line  as  ours.'* 
Thence  may  follow,  perhaps  too  quickly,  a  conclusion  in  the  form 
of  an  order  to  the  engineers  who  are  to  examine  the  country,  to 
the  effect  that  "the  minimum  radius  of  curvature  permitted  on 
this  line  will  be,"  etc. — an  order  from  which  thereafter  there  will 
be  no  retreat. 

246.  Notwithstanding  this  plausible  reasoning  and  formidable 
indictment,  it  may  be  said  at  once  that  investigation  seems  to 
indicate  that  the  prevailing  error  in  respect  to  curvature  among 
engineers  is  too  great  dislike  of  curvature,  and  especially  of 
sharp  curvature,  and  too  great  readiness  to  spend  money  to  avoid 
it,  although  a  few  go  to  great  extremes  in  the  other  direction. 
This  conclusion  seems  to  necessarily  result  from  analysis  in 
detail  of  the  weight  to  which  each  of  the  above  objections  is 
entitled;  but  without  presupposing  this,  and  abandoning  all 
prepossessions  in  either  direction,  we  will  consider  each  objection 
to  curvature  as  impartially  as  possible,  beginning  with  what  may 
be  called  the  indeterminate  or  imaginative  (but  not  therefore 
imaginary)  objections,  4  to  9,  which  cannot  be  reduced  to  a  valu- 
ation in  dollars  and  cents. 
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THE   DANGER   OF   ACCIDENT   FROM   CURVATURE. 

247.  Railway  accidents  come  from  a  great  variety  of  causes, 
«of  which  curvature  is  one.  How  great  a  cause  it  may  be  is  made 
difficult  to  determine  by  the  fact  that  accidents  are  rarely  re- 
ported as  directly  chargeable  to  curvature,  its  effect  being  rather 
to  aggravate  them,  or  to  prevent  timely  discovery  that  there  is 
danger  of  accidents  from  other  causes,  than  to  cause  them  itself. 

Nevertheless  we  can  determine  certain  maximum  and  mini- 
mum limits  for  its  possible  effect  as  a  contributing  or  aggravat- 
ing cause  of  accidents.  The  total  number  of  accidents  to  trains 
per  year,  of  sufficient  seriousness  to  get  into  the  newspapers,  as 
shown  by  the  best  available  statistics  (which  are  very  imperfect), 
is  given  in  Table  99  for  some  thirteen  years  past,  with  some  fur- 
ther details  as  to  accidents  in  Table  100;  and  by  comparison  of 
these  statistics  for  the  eight  years  ending  with  1880,  accidents 
;appear  to  have  occurred  very  nearly  at  the  following  rate,  for 
the  railway  system  existing  in  1880: 

Collisions, 400,  causing  120  deaths  and  430  injuries. 

Derailments,.     .     .     .  800         "        150      "  "     530        " 

Other  train  accidents,     80        "  30      "         **      40        " 


1,280  300  1,000 

Of  the  collisions,  about  5  per  cent  are  crossing  collisions,  not 
likely  to  be  affected  by  curvature.  It  is  possible  to  conceive, 
however,  that  any  one  of  the  400  collisions  might  be  injuriously 
affected,  if  not  caused,  thereby. 

Of  the  derailments,  about 

25  per  cent  come  from  broken  or  loose  rails, 

8        "  "  "      cattle  on  track, 

5        "  a         «4      washouts, 

12        **  "         "      accidental  and  malicious  obstruction, 

16        "  MM      misplaced  switches,  and 

34        **  **         "      other  miscellaneous  causes  not  likely  to 

be  affected  in  any  way  by  curvature. 

100  per  cent  in  all 
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Table  100. 

Casualties  Caused  by  the  Different  Classes  of  Acodbnts  for  Ssyih 

Years. 

KilUd. 


In  Collisioas. 

la  Dendlments. 

In  Other  Aoc 

Total 

1885 

158 
172 
227 

177 
209 

156 

94 

141 
192 
229 
200 
190 

143 
97 

8 

3S 

17 

3 

15 

x6 

4 

307 

«wwp»  *   •  ••  •  •   •••   • 

1884 

389 

1883 

473 

A WW J*    «•■••■••*■ 
1882 

380 

I88I 

414 

1880 

315 

1870 

195 

***/ V*    •••••••••• 

7«/ 

Average 

170 

170 

13 

353 

Injured. 


1885 

547 
624 

716 

578 

565 
412 

286 

963 
1,062 

1,145 
975 
995 
714 
389 

20 

74 
49 
35 

37 
46 

34 

1,530 
1,760 
1,910 

1.588 

1.597 
1,172 

709 

«wwp«*    ••    •    •    ••    •    •    • 

1884 

1883 

1882 

I88I 

1880 

1870 

***/ If*    •••••••••• 

Average 

533 

892 

42 

1.467 

Of  the  1,217  accidents  reported  in  1885,  193  caused  the  death  of  one  or  moroi  penoni 
each,  while  282  caused  injury  to  persons  but  not  death  ;  a  total  of  475  accidents,  leaving 
743,  or  61  per  cent  of  the  whole  number,  in  which  there  was  no  injury  to  persons  con- 
sidered serious  enough  for  record. 

The  accidents  recorded  in  1886  were  about  three  for  eveiy  1,000,000  trmin  miks,  and 
were  divided,  according  to  their  nature  and  the  classes  of  trains,  as  follows : 


Accidents. 

Collisions. 

Derailments. 

Other. 

Total 

To  passenger  trains 

To  a  passenger  and  a  freight. . . . 
To  freiirht  trains 

47 
102 

315 

247 

•  •  •   « 

434 

51 

•  • 
21 

345 
102 
770 

Total 

464 

681 

72 

I.217 

Allowing  two  trains  in  each  collision,  this  shows  accidents  to  a  total  of  x,68z  traim, 
of  which  494,  or  29  per  cent,  were  passenger  trains,  and  1,187,  or  7'  per  cent,  were  frejght 
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trains.    This  is  vtry  materially  less  than  the  true  proportion  of  freight-train  accidents,  if 
Its  of  all  kinds  were  included,  but  it  includes  a  large  proportion  of  those  involving 
of  life  or  very  serious  damage. 
Classified  by  months,  the  aggregates  of  the  reported  train  accidents  of  the  six  years 
•1885  (7,949  in  all)  were : 


Winter  Months. 

Spring  Months. 

Summer  Months. 

Fall  Months. 

Dec.     687 
Jan.     882 
Feb.     812 

Total 2.381 

Per  cent.  .    30.0 

March,  620 
April,   490 
May,     483 

1.593 
20.0 

June,   438 

July,    556 
Aug.     705 

1,699 
21.3 

Sept.     770 
Oct.       789 
Nov.      717 

2,276 
28.7 

246.  There  were  in  the  United  States  in  the  year  1880  about 
90,000  miles  of  railroad  in  operation,  employing  about  450,000 
men,  and  over  which  some  5,000,000,000  passenger-miles  were 
run  each  year  and  perhaps  2,000,000,000  or  more  employ6  or 
free-pass  miles,  counting  both  passenger  and  freight  service,  the 
number  of  freight  trains  being  at  least  three  times  greater  than 
passenger  trains. 

The  number  of  curves  will  average  considerably  over  one 
per  mile,  as  shown  in  the  following  Tables  loi  to  104  (see  es- 
pecially summary  to  Table  102,  page  263),  or  say  at  least  128,000 
for  the  whole  United  States.  This  is  almost  certainly  not  an 
over*estimate. 

249.  Performing,  then,  the  simple  arithmetical  operation  of 
dividing  128,000  curves  by  1280  annual  accidents  and  by  the 
given  number  of  deaths  and  injuries,  we  find  that  if  all  train  ac- 
cidents which  are  serious  enough  to  get  into  the  newspapers 
were  justly  chargeable  to  curvature  and  to  nothing  else,  there 
would  be  on  an  average  one  such  accident  per  year  for  every  100 
curves,  one  death  for  every  427  curves,  and  one  injury  for  every 
128  curves.  To  present  the  meaning  of  these  figures  in  a  clear 
way:  If  all  train  accidents  were  caused  by  curvature  alone,  there 
would  on  any  one  given  curve  be  an  accident  of  some  kind  worth 
notice  in  the  public  press  once  in  100  years,  a  passenger  or  em- 
ploy6  killed  once  in  427  years,  and  a  passenger  or  employ6  in- 
jured once  in  128  years. 
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250.  Such  an  exaggeration  of  the  effects  of  curvature,  how- 
ever, is  of  course  wholly  beyond  reason.  It  does  not  appear 
probable  from  the  record  of  Tables  99  and  100  that  more  than 
half  the  individual  accidents  are  of  such  a  nature  as  to  have 
been  at  all  modified  or  affected  by  curvature,  and  of  those  which 
are  likely  to  be  at  times  so  affected — such  as  collisions,  broken 
rails,  cattle  on  track,  washouts,  landslides,  breaking  in  two  of 
trains,  etc.,  etc. — a  large  percentage  are  well  known  to  arise 
from  causes  which  the  alignment  would  not  greatly  affect,  such 
as  frogs,  misplaced  switches,  accidents  to  running  gear,  etc^and 
others  are  only  likely  to  be  aggravated  by  curvature.  It  is  ex- 
tremely doubtful,  therefore,  if  more  than  30  or  40  per  cent  of 
train  accidents  are  in  any  measurable  degree  modified  or  af- 
fected by  curvature  ;  and  in  many  of  these  the  effect  is  so  slight 
or  so  doubtful,  that  if  we  were  to  assume  that  from  15  to  20  per 
cent  of  all  accidents  are  wholly  caused  by  curvature,  it  would 
probably  be  giving  it  its  full  weight.  It  will  be  safer,  however^ 
especially  as  our  record  is  not  entirely  satisfactory,  to  assume  as 
a  mean  of  possible  extremes  that  25  per  cent  of  the  accidents 
are  caused  by  curvature,  and  curvature  alone. 

251.  In  that  case  we  shall  have  on  any  one  particular  curve^ 
and  caused  by  that  curve — 

A  train  accident  serious  enough  to  be  mentioned  in  the 
newspapers  once  in  400  years: 

A  passenger  or  empIoy6  killed  once  in  1708  years; 

A  passenger  or  employ6  seriously  injured  once  in  512  years. 

If  we  make,  now,  some  simple  computations  in  compound 
interest  (Table  17,  p.  80)  we  reach  some  rather  surprising  results: 

We  find  that  if  we  were  to  invest  one  dollar  at  4  per  cent 
compound  interest  at  the  time  of  construction  we  should  have 
$6,506,088  to  repair  the  damage  arising  from  the  first  serious 
accident  occurring  on  any  given  curve,  and  caused  by  the  fact 
that  it  was  a  curve  instead  of  a  straight  line  ;  $526,201,500  with 
which  to  heal  the  wounds  of  the  first  man  injured  ;  and  a  sum 
an  innumerable  number  of  million  times  greater  than  the  last 
again  (being  what  it  would  amount  to  at  compound  interest  in 
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1 196  years)  as  a  fund  wherewith  to  assuage  the  grief  of  the 
dependent  survivors  of  the  first  man  killed. 

Change  these  figures  as  we  will,  and  keep  within  the  bounds 
of  reason,  and  we  shall  yet  find  the  result  substantially  the  same. 

792t  Nevertheless,  an  accident  of  the  most  terrible  descrip- 
tion may  happen  within  a  week  on  any  curve,  and  be  directly 
caused  thereby.  On  some  one  of  the  128,000  curves  in  the 
United  States  it  probably  will.  Accidents  of  some  gravity  are 
continually  reported  which  appear  to  have  been  due  to  or  to 
have  been  aggravated  by  curvature,  and  more  than  one  such  per 
day  must  happen  in  the  United  States  by  our  assumptions.  It 
is  also  undeniable  that  all  curves  are  not  by  any  means  equally 
dangerous.  When  very  sharp  and  on  heavy  grades  tliey  are 
materially  more  dangerous  than  elsewhere.  But  on  the  whole, 
and  within  the  limits  of  ordinary  and  reasonable  practice,  it 
would  almost  appear,  as  if,  even  it  the  question  were  simply 
curvature  or  no  curvature,  the  only  proper  conclusion  would  be 
that  the  question  of  safety  was  not  entitled  to  any  weight  what- 
ever in  deciding  on  the  line  to  be  adopted  or  the  expenditure  to 
be  incurred.  Only  when  all  other  considerations  were  equally 
balanced  should  it  be  made  the  ground  of  a  decision. 

2W.  But  the  bald  question,  curvature  or  no  curvature,  never 
is  the  question  before  the  engineer.  The  general  character  of 
the  line  is  irrevocably  fixed  by  the  topographical  conditions. 
He  is  not  called  upon  to  decide  between  the  crooked  solid  line 
and  the  straight  dotted  line  in  Fig.  15,  but  between  a  little  more 


Fig.  15. 

and  a  little  less  curvature  as  indicated  by  the  solid  and  nearly 
parallel  dotted  line. 

If  we  could  eliminate  all  curvature  from  railways  we  might 
perhaps  decrease  by  25  or  50  per  cent  the  danger  to  life  and 
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property.  But  this  is  practically  impossible;  and-asbetvtn 
the  common  case — such  alternate  lines  as  are  shown  in  Fi^  13, 
— let  the  reader  pause  for  a  moment  and  intelligentljr  cootidcr, 
firsty  what  the  probabilities  are  of  an  accident  on  either  line  dne 
to  all  its  curvature,  and,  secondly^  what  the  danger  amoanis  to 
of  an  accident  on  the  one  line  due  to  the  difference  in  its  tam^ 
ture  from  the  other?  For  example,  we  have  in  Fig.  16  avior 
of  one  of  the  famous  accidents  of  1885  (the  Monte  Carlo  & 
aster),  which  may  be  said  to  have  been  entirely  chargeable H 
curvature  in  one  sense,  because  the  croolcedness  of  the  line^M^ 
vented  the  two  approaching  trains  from  seeing  each  other^  iiil 
this  on  a  line  where  enormous  sums  were  spent  to  avoid  cvffip 
ture  or  to  increase  its  radius,  and  on  the  very  top  of  one  of  ^ 
most  costly  works  for  that  purpose — the  immense  retaining-wil 
shown  in  that  view.  How  much  was  the  danger  of  acddcrt 
diminished  by  these  works  below  what  would  have  existed  had 
the  line  been  more  closely  fitted  to  the  contour  by  throwing  it 
back  on  to  the  solid  in  the  view,  at  the  necessary  cost  of  sonifr 
what  more  and  somewhat  sharper  curvature  ? 

254.  This  question  is  so  important  that  it  seemed  essential 
to  make  the  facts  entirely  clear.  A  natural  and  commendable 
aversion  to  anything  which  seems  to  imperil  life  apd  limb  may 
lead  to  a  dissent  from  the  above  conclusions  on  general  prin- 
ciples, as  somewhere  involving  a  fallacy,  but  that  they  are 
practically  true  seems  to  be  proved  positively  in  another,  way-- 
by  the  immunity  from  accident  which  many  very  crooked  lines 
enjoy  in  common  with  more  fortunate  rivals,  and  by  the  fact 
that  the  number  of  accidents  is  certainly  no  greater  (in  fact  it 
appears  from  the  last  (1880)  census  to  be  some  18  times  less)  in 
the  States  east  of  Ohio  which  have  two  or  three  curves  to  the 
mile,  than  in  the  States  west  of  Ohio  which  have  a  curve  only 
every  two  or  three  miles,  as  an  average. 

255.  Unfortunately,  from  the  very  fact  that  curvature  plays 
so  small  a  part  as  a  cause  of  accident,  no  general  statistics  can 
be  given  as  to  the  number  of  cases  in  which  it  does  have  an  in- 
fluence; but  a  very  interesting  little  volume  by  Charles  Francis 
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Adams,  Jr.,  on  "  Railroad  Accidents"  supplies  this  defect  in  a 
measure.  Mr.  Adams  gives  the  details  of  many  of  the  more 
notable,  or  rather  typical,  accidents  which  have  occurred  in  the 
history  of  railways, — some  42  in  all, — and  apparently  by  mere 
accident  specifies  the  character  of  the  alignment  in  almost  every 
case.     Out  of  these  there  were 

8  accidents  on  curves,  killing  253,  injuring  497;  total,  750 


24         "           **    tangents,"       604,        *' 

'       I 103; 

"    1707 

10         **         unspecified. 

Deaths. 

Injuries. 

Average  per  accident  on  curves, 

31.6 

62.2 

«          "         "          "   tangents, 

35.2 

46.0 

This  is  mere  chance  collection,  and  proves  nothing  definite, 
especially  as  a  number  of  bridge  and  other  accidents  are  in- 
cluded, with  which  curvature  or  the  lack  of  it  had  nothing  what- 
ever to  do.  It  is  perhaps  noteworthy,  however,  that  the  projior- 
tion  of  accidents  occurring  on  curves  (about  one  fourth)  is  hardly 
so  great  as  might  be  expected  if  it  were  a  pure  matter  of  chance 
whether  accidents  occurred  on  tangents  or  curves.  Several  ter- 
rible collisions  occurred  **  when  rounding  curves:"  but  fog  seems 
to  be  a  still  more  fruitful  cause,  as  at  Revere,  Mass.;  and  not  a 
few  are  due  to  pure  and  utter  carelessness,  as  in  the  frightful 
accident  on  the  Richelieu  River  in  Canada,  one  of  the  most  de- 
structive on  record,  about  one  hundred  having  been  killed  out- 
right  and  several  hundred  injured.  In  this  case  the  engineman 
ran  into  an  open  drawbridge  on  a  long  straight  line  (as  seems 
clear  from  the  text)  past  a  danger  signal  in  full  view  1600  feet 
from  the  bridge. 

256.  Still,  we  have  fog  and  carelessness  always  with  us,  of 
course,  whether  on  curves  or  tangents,  and  such  risk  as  there 
may  be  from  curvature  is  in  addition  thereto,  so  that  these 
instances  of  terrible  catastrophes  on  tangents  do  not  even  tend 
to  prove  directly  that  curvature  is  a  trifling  cause  of  accident; 
but  what  they  do  prove  is  that  the  unfamiliar  and  occasional  is 
the  most  fruitful  source  of  accident.    The  drawbridge  signal  in 
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the  last  accident  recorded  was  not  looked  for,  because  the  draw 
was  rarely  open;  and  in  the  same  way  it  is  probable  that  the 
jpreater  feeling  of  danger  and  more  constant  caution  which 
springs  from  the  existence  of  curvature,  and  more  especially  of 
much  curvature,  makes  it  in  some  measure  a  safeguard  against 
accidents  as  well  as  a  cause  thereof.  Only  in  this  way  can  be 
•explained  the  undeniable  safety  with  which,  as  a  matter  of  fact, 
numerous  very  crooked  roads  are  operated. 

297.  To  illustrate  this  possible  danger  from  carelessness: 
There  are  several  hundred  miles  of  the  Union  Pacific  Railroad 
on  which  there  is  practically  no  break  of  either  line  or  grade, 
but  trains  rise  into  view  on  the  horizon  as  at  sea.  As  a  very 
natural  consequence,  it  was  at  one  time,  and  perhaps  in  less 
degree  is  yet,  the  custom  to  operate  the  road  with  almost  entire 
indifference  to  time-tables  or  train-orders.  When  an  opposing 
train  ''hove  in  sight"  both  made  for  the  passing  point  which  hap- 
pened to  be  nearest  between  them,  and  if  their  idea  as  to  where 
this  point  was  happened  to  be  different,  one  or  the  other  would 
''back  out."  Such  conditions  as  these  seem  to  afford  the  ne plus 
mltra  of  safety,  yet  if  it  prevailed  on  all  railways  it  may  be 
f^vely  questioned  whether  it  would  on  the  whole  add  much,  if 
anything,  to  the  average  safety  of  railway  travelling;  for  the 
feeling  of  security  and  habit  of  carelessness  which  would  thus  be 
engendered  in  employes  of  every  grade  would  be  apt  to  lead  in 
emergencies  to  the  most  terrible  consequences.  Such  contin- 
gencies, for  instance,  as  dense  fogs  or  sudden  snow-storms  or  a 
-cinder  in  the  engineman's  eye,  or  a  dozen  other  possibilities, 
would  be  almost  certain  to  bring  about  occasional  accidents 
which,  under  conditions  exacting  greater  habitual  vigilance, 
would  not  have  occurred. 

258.  Even  in  the  cases  of  derailment  mentioned  in  Mr. 
Adams'  book  it  is  difficult  to  detect  much  effect  from  curvature. 
The  disastrous  derailment  from  a  broken  rail  at  Carr*s  Rock,  on 
the  Erie  Railway,  occurred  indeed  on  a  sharp  curve  on  the  edge 
of  a  precipice  (on  a  division  where  nearly  the  whole  line  is  of 
this  description);  but  another  one,  precisely  like  it,  occurred  in 
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the  immediate  vicinity,  ten  years  before,  on  a  perfectly  straight 
piece  of  track,  which  is  something  pretty  hard  to  find  in  that 
locality.  These  are  the  two  most  serious  accidents  which  have 
ever  (1882)  occurred  from  this  cause  on  that  section  of  the  road. 
In  the  first  instance,  on  a  curve,  24  were  killed  and  80  injured;  io 
the  second  instance,  on  a  tangent,  only  6  killed  and  50  injured; 
but  the  difference  is  due,  not  to  the  alignment,  but  to  the  differ- 
ence in  the  height  of  the  precipice — 30  feet  in  one  case  and  80 
feet  in  the  other. 

259.  A  very  common  error  with  r^^rd  to  broken-rail  accidents  re- 
quires correction  here.     There  is  not  a  particle  of  evidence— or  certainly 
none  of  much  moment  or  weight — tending  to  show  that  curvature  notion 
ably  increases  the  liability  of  breakage  or  even  the  consequences  thcreoL 
As  respects  the  former,  it  is  almost  purely  a  matter  of  the  condition 
of  road-bed  and  of  chance  defects.     Thus  the  records  kept  by  the  Rail- 
road  Gazette  show  that  such  accidents  are  nearly  nine  times  as  numerous 
in  the  winter  months  as  in  the  summer,  there  having  been  of  noticeable 
accidents  caused  by  broken  rails  during  the  eight  years   1873-80:  In 
January,  February,  and  March,  268  ;  in  July,  August,  and  September,  32, 
The  consequences  of  a  rough  road-bed  or  of  the  temperature  of  the 
metal,  or  both,  being  so  very  noticeable,  it  is  clearly  indicated  that  it  is 
f  the  hammer»Hke  effect  of  the  locomotive, 

rather  than  any  direct  pressure,  which 

causes  the  breakage;  and  this  is  not  in- 

•— ^^^  creased  by  curvature:  it  is  rather  dc- 

j .  ****»**^   creased.     On  a  tangent  a  train  impinges 

1  f'"'~"~— — — —   against  the  rails  with  a  g^at  deal  of  force 

from  one  side  to  the  other  alternately. 
On  a  curve  every  truck  in  the  train  tends 
rather  to  hug  the  outside  rail  with  the 
front  outer  wheel — in  a  manner  shown  in 
^'°-  *^*  Fig.  17,  of  which  we  shall  speak  more 

fully  shortly — both  the  inner  wheels  standing  clear  of  the  rail ;  while  the 
driving  wheel-base  is  preserved  by  the  truck  from  impinging  against 
cither  rail  with  anything  like  its  natural  force.  For  these  same  reasons 
a  broken  rail  on  the  inside  of  a  curve  is  noticeably  less  likely  to  cause 
a  derailment  than  if  on  a  tangent;  while  a  broken  rail  on  the  outside, 
although  it  is  of  course  greatly  more  dangerous  than  on  a  tangent,  is 
not  so  much  so  as  might  seem — for  the  reason  that,  even  on  a  tangent. 
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•ome  one  truck  in  the  train  is  likely  to  impinge  at  just  the  right  spot  to 
cause  derailment,  and  one  truck  oS  is  nearly  as  effectual  as  a  dozen  to 
cause  a  catastrophe. 

But  if  derailment  does  occur  there  is  certainly  more  danger  on  a 
curve  than  on  a  tangent,  and  in  numerous  other  ways,  which  appeal  very 
strongly  both  to  the  imagination  and  the  judgment,  curvature  is  a  real 
source  of  danger ;  and  of  course  the  sharper  it  is,  and  the  more  of  it 
there  is,  the  more  danger  there  is.  Those  who  maintain  that  it  should 
therefore  constitute  a  serious  element  in  the  problem  of  laying  out  a  road 
have  the  best  of  the  ailment  so  long  as  it  is  confined  to  generalities. 
Their  case  only  becomes  weak  when  we  consider  its  force  in  detail. 

260.  The  truth  is  that  nothing  but  a  standing  miracle  keeps 
cither  curvature  or  any  other  of  a  dozen  causes  of  accident  from 
being  a  fruitful  source  of  disaster.  The  marvellous  safety  of 
railway  travel  in  the  face  of  such  numberless  chances  for  disas* 
ter  is  one  of  the  most  impressive  triumphs  of  human  care  and 
skill,  and  it  is  this  fact  alone  which  gives  our  argument  any 
force  whatever.  No  one  could  have  foreseen  it,  and  hardly  any* 
one  can  fully  realize  it ;  but  the  fact  being  as  it  is,  true  wisdom 
requires  that  we  should  recognize  its  consequences,  and  not 
insist  on  trusting  to  the  imagination  for  arguments  in  a  purely 
practical  question. 

Mr.  Adams  has  very  effectively  expressed  this  marvellous 
safety  in  a  pithy  sentence,  by  saying,  that  **  the  chances  of  acci- 
dent in  railroad  travelling  are  so  small  that  they  are  not  materi- 
ally  increased  by  any  amount  of  travelling  which  can  be  accom- 
plished within  the  limits  of  a  human  life."  He  proceeds  with 
the  following  interesting  comparative  statistics: 

260a.  "During  the  four  years  1875-8  only  i  passenger  was  killed 
from  causes  beyond  his  own  control  in  Massachusetts,  and  only  20  in- 
jured. Yet  during  the  year  1878  alone,  excluding  all  cases  of  mere 
injury,  of  which  no  account  was  made,  no  less  than  53  persons  came  to 
their  death  in  Boston  alone  from  falling  down-stairs  and  37  more  from 
falling  out  of  windows;  7  were  scalded  to  death.  In  the  year  1874,  17 
were  killed  by  being  run  over  by  teams,  and  the  pastime  of  coasting  was 
earned  on  at  the  cost  of  10  lives  more.  During  the  five  years  1874-8 
there  were  more  persons  murdered  in  the  city  of  Boston  alone  than  lost 
their  lives  as  passengers  through  the  negligence  of  all  the  railroad  cor* 
17 
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porations  in  the  whole  .State  of  Massachusetts  during  the  nine  yean 
1 87 1-8,  which  included  the  Revere  and  Wollaston  disasters,  in  which  50 
people  lost  their  lives.  Neither  are  the  comparative  results  here  staled 
in  any  respect  novel,  or  peculiar  to  Massachusetts :  years  ago  it  was  offi- 
cially announced  in  France  that  people  were  less  safe  in  their  own  homes 
than  when  travelling  on  railroads;  and,  in  support  of  this  somewhat 
startling  proposition,  statistics  were  produced  showing  14  cases  of  death 
of  persons  remaining  at  home  and  there  falling  over  carpets,  or  in  the 
case  of  females  having  their  garments  catch  fire,  to  10  deaths  on  the 
rail.     Even  the  game  of  cricket  counted  8  victims  to  the  railways'  la" 

260^.  All  these  facts  agree  in  indicating  the  conclusion  that 
although  curvature  is  a  considerable  source  of  danger,  yet  it  is 
even  then  so  little  dangerous  to  life  and  property  that  we  are 
not  justified  in  giving  any  financial  weight  whatever  to  this 
argument  against  it,  unless  under  peculiar  circumstances,  or  as 
a  makeweight  when  all  other  considerations  are  exactly  bal- 
anced. The  case  is  entirely  different,  for  reasons  we  cannot  take 
space  to  discuss  at  length,  from^the  defects  in  operating  details 
which  people  rightly  insist  should  be  corrected  even  at  a  large 
immediate  expenditure. 

Before  proceeding  further  with  the  discussion  of  the  question  of  canratore 
it  may  be  well  to  explain  just  what  is  meant  by  the  term  "the  degree  of  a 
curve/'  which  we  shall  have  frequent  occasion  to  use,  for  the  benefit  of  foreign 
readers  if  for  no  others. 

261t  Meaning  of  the  Term  ''  Degree  of  Curve."— The  universal  method 
in  America  of  expressing  the  sharpness  of  curvature  is  not  by  giving  the  radius, 
but  by  the  "degree  of  the  curve"  or  number  of  degrees  of  central  angle,  sub- 
tended by  a  chord  of  100  ft. ;  i.e.,  by  the  angular  change  in  direction  of  the  curve 
in  the  distance  subtended  by  a  chord  of  100  ft.  If  the  central  angle  be  i*,  the 
radius  is  readily  computed  as  5729.65  ft.,  which  is  the  radius  of  a  one-obgrbb 
curve,  taken  in  practical  work  as  5730  ft. 

Except  as  the  length  of  the  arc.  bears  a  varying  ratio  to  the  length  of  the 
subtending  chord  in  curves  of  dififerent  radii,  it  is  readily  shown  geometrically 
that  the  radius  is  inversely  proportional  to  the  degree  of  eurvature;  and  this  is 
so  nearly  true  in  fact  up  to  the  limit  of  an  8*  curve  (within  a  small  fraction  of  a 
foot)  that  it  is  almost  universally  customary  in  the  best  practice  to  record  the 
radius  of  a  i^  curve  as  5730  ft.,  and  to  determine  the  radius  of  curves  of  odwr 
^"degrees"  by  the  approximate  formula, 

„_  S730 

(To  p.  266.) 


CHAP.  vni.—CUttVATURE— AMOUNT  OF. 


ihi  CcuM  Suiiailci  of  iS 
Niw  England. 


Z 

— 

Gmou. 

HajuotRoabl 

Hitc. 

isi 

s 

£,S. 

Per 

Mil..* 

is. 

gJ^m^ 

■•R<Md>.A.  toCana.. 

2  :    5^"^°^^- 

I,OtJ 

3: 

■5 

«*: 

;■! 

«:J 

^vSfc: 

» 

1.61 

Ml 

;ji 

'T-J 

to 

'"*"'■' 

W 

*■" 

...) 

s".!i:&»~'' 

11 

.,36 

\i 

0.78 

3«,. 

II 

'!■! 

li 

,8-j6 

"-'S!"S-,ii;K:: 

:^r 

.,«o- 

Litis?:-:::::;: 

■"IS 

mi. 

lit. 

3:1 

Is 

;jl 

n 

v\ 

II* 

!=:irfc::: 

TolJihandH 

..(7 

4i    1* 

^sin-::- 

1;i 

0.6, 

Hi 

:::i 

"n 

■iii 

i;.k.4B   Rlw 

8JM.7 

TouliUHjaT 

.J.* 

33. 7- 

»■* 

w  cehiBB  "  RIh  Per  Mile"  ftret  tbe  ■**(■(«  txaa  of  rJM  cukt  tbe  it. 
■I  colHMi  gtm  the  I(ti  ol  rite  «r>i/  (all.  Tbui.  II 1  rud  roM  joo  ft.  uM 
t  mnld  be  ii*rn  nbfiKiu  "Riie  Per  Mile,  |  d." -' RIm  and  Fall,  ■ 


CHAP.  Vttl.— CURVATURE— AMOUNT  OF. 


Table  Vi\.—Cotaimud. 
New  jERasv. 


MJJe. 
Road. 

CutVATUU. 

G.»>n. 

Kah  or  Road. 

Cur»e, 
Mile. 

P.  C. 

■ss- 

Hllc. 

j   P.C. 

ft 

Mile.* 

Riie 
Mite.* 

o"^ 

MorrtsAEnei 

PliiU.«AaatT 

»3.7 

...< 

_»■*_ 

2:! 

..« 

<e  4 

^..-^ 

Toiataindiv 

.JS-J 

o.« 

«!-J* 

«.j 

.3 

'^■=    1 

Pehhstlvahia. 


;1 

SO° 

wis- 

Lehigb  Valley 

Lew.  ^Tyrone 

J 

.6, 

»-i      ....• 

-:ISe: 

.30. a 

li 

IS 

vi 

s 

.6.. 

jj:j 

11" 

SS.'?.""" 

Wilm.iNo'.V.V.."!!!! 

...7 

...J 

"■•■ 

■*•' 

' 

SVHUAKV    OP 

North-Easterh  Stahs. 

„,,, 

Road. 

CVKVATURt 

Chads. 

D?vg. 

Curve. 
Mite. 

PC. 

Mile. 

£.?i 

Ri« 

RiK 

mi 

1 

NewEHEUnd 

1 

J 

..75 
1. 19 

36.8 

1 

Vi'.t 

U-9 

1:1 

j;i 

■■       ■'     

>D 

•^           

a.r 

» 

TouLandav  

j.j;. . 

.... 

„, 

S5.9* 

«.B 

4.J 

■}■• 

Compare  Summary  of  Table  10a,  with  note. 
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The  MadMlei  which  appear  io  Ihli  and  the  following  Tables  los,  103,  104  were  com- 
puted b]r  the  writer  Ivjca  time  to  time  from  thetuiiitia  which  were  gathered  (or  a  Urge 
put  ol  the  mileage  of  the  United  States  bf  the  Census  of  18S0,  and  thrown  into  the  ceo- 
nu  reports  in  an  utterly  raluelea  condition,  without  even  being  totaled.  Not  much  can 
be  dooe  with  them  at  beat,  ai  the  blanli  wai  not  pri^ierlj  prepared  1  but  as  the;  are  a 
raconl  which  exists  nowhere  else,  and  Is  very  useful  in  a  certain  waf ,  Ihej  have  been  in 
part  here  given.  The  reported  "  maximum  grades"  must  be  received  with  a  great  deal 
of  luqncioD,  ai  soma  of  them  are  pwher  grades  and  some  of  them  Dnlf  a  (ew  hnodred 
feet  Umg.    The  striking  excess  of  average  grade  in  the  pT^rie  States  onr  what  exist* 


9mnnct  Of  Gkadu  avd  Cukvatokk  on  thx  Railwati  or  tbz  Nokth 
Ckntkal  States. 

[Coapotcd  troB  the  Com*  Statistics  of  iXta.    See  note  to  Table  loi.] 

Ohio  amd  Ihdiana. 


Rud, 

CUHV.TOXX. 

o„,,«. 

Nuu  ovRaao. 

Ciirra 

p.  c. 

Curred 

¥3 

Mile. 

£^i. 

S.- 

fI\[ 

OtHSS. 

D*Ttaa*Micb 

Frw''M.*a«V.!: 

li 

109,0 

O.J* 

I.J9 

as  S 

If 

gij 

"1 

■1:1 

S.-8    + 

4S-  5" 

lad..D.«S 

ill 

-,:f 

11 

i.S* 

IS 

1: 

'"•i'.'s" 

?:■ 

li 

10.8 

5?  IT 

IJ- JT 

tsS^;;;;;:;:; 

■""■""■ 

.».,. 

'" 

.I..- 
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Table  102. — Continued. 

Michigan. 


Miles 

of 
Road. 

CUKVATURB. 

Gbadbs. 

Namb  op  Road. 

Curves 

Per 

Mile. 

P.C. 
Curved. 

Per 

MUe. 

P.C. 
LeveL 

Rise 

Rise        and 

P^        Fall 

Mile.*  ;     Per 

'  Mile.* 

RuIioK 
Grades. 

Chicago  A  G.  Trunk... 

Det.ro.  H.  AMil 

J    L  &  Sag 

330-5 
189.0 
336.0 

103.6 

870.0 

61. 1 

0.34 

0.63 
3.14 
1. 01 
0.61 
1.16 

6.7 
x8.o 
II. 0 

43-4 
XI. 3 
96.8 
94.0 

5S' 

19.9* 

II.O« 

18. 8* 

«3-5 

19.0 
19.0 
85.8 

«7.S 

91. 0 
30-3 

0.3          7.8 
0.0    .      7.8 
1.9           6.8 
0.0    J    83.0 

•5           7-3 

0.0           6.5 

4.3           8« 

54-  5» 

4»        + 
S*       + 

Marq.,  H.  &  Ont 

Mich.  Air-Line 

Mich.  C 

aoo. 

39-4$ 

49-38 
59.8 

No.  C.Mich 

Totals  and  av 

«.a53-3 

0.91 

90. 9 

«7.4- 

93.9 

«-3    1      9-5 

••••••••     • 

Illinois. 


Am.  Cent 

Belleville  &  Eld 

C.  &  Alton 

i» 

t» 

»• 

»4 

c.&E.iii  .*!.*.*!!!!'.!! 
CM.ASt.P 

Totals  and  av 

Ch.  &  Spr. . .' 

Danv.  &S.  W  

0.&  Miss 

111.  Central 

^.  End  only) 
**        Branches. . 

Totals  and  av . . . . 


50.6 

0  30 

II. 8 

4.9' 

lO.O 

\i 

5-3 

37- p 

49-71 

0.98 

«5.4 

80.X' 

7.0 

14.6 

100-1x9 

943-5' 

0.37 

«-7 

05" 

89. 0 

0.9 

6.3 

43- *> 

a6-  35 

37.8 

0.79 

•1:1 

8.0* 

■z! 

0.4 

8. a 

70.8 
38.x 

0.40 

0.9* 

6.6 

0.8 

8.3 

^t 

X.08 

33.0 

«-I: 

30-7 

Sa 

7.« 

ao3-3 

0.38 

X0.8 

81. 3 

0.8 

6.7 

3»-  55 

99-7 

0.78 

M-4 

^I'K 

19.0 

3« 

z* 

37-49 

107.5 

0-39 

X0.7 

6. a* 

14.0 

0.1 

63 

60-33 
3»-a6 

82.2 
982.2 

0.^6 

9.0 

S4' 

35.3 

0  8 

4.9 

0  57 

13. 1 

«.9* 

19.4 

1.8 

6.4 

111.5 

0.30 

5.1 

4.3' 

85.8 

\\\ 

8.9 

57- «6 

100.1 

0.38 

7-4 

8.4* 

81.8 

58-58 

238.0 

»4.9 
9.0 

8.3«» 

0.8 

5.8 

364-7 

0.21 

48.0 

0.9 

63-  45 

(252.1) 

(0.06) 

(3.»7) 

(o.9») 

(45.7) 

(0.5) 

(4.9) 

*^fi* 

340.8 

0.38 

13. 0 

la.i' 

30.0 

0.4 

9.6 

1.145.X 

0.33 

9-7 

9.0* 

•9.7 

0.9 

•  5 

Iowa. 


Burl.,  C.R.  &N... 

Burl..  AS.  W 

"      (Mo.) 

Cent.  la 

C.  B.C.A  W 

C.,B.&Q 

C,  M.  &St.  P 

it  •! 

Dub.  &  S.  C  ...'...'! 
Totals  and  av  — 


353.7 
59-6 
82 

189 

15 
280 

331 
»50 
142 


/I 


o. 
I. 
1. 
o. 

3 

o. 

o. 

I. 

o. 


70 
90 
70 

94 
40 

84 

51 

53 
88 


1,525.01     1.36 


33.6 

I7.5- 

s8.o 

••Z 

9-» 

36.0 

57-3; 

13.0 

5.6 

19.6 

38.0 

55-3! 

19 .0 

••3 

17.3 
13.6 

30.3 

X5.6» 

II.O 

«-4 

38.5 

8x.o« 

10.7 

5-5 

3a.o 

3a  7 

^ll 

13.6 

1:1 

13.J 

»4  4 

10. 6» 

83.0 

10.8 

33.7 

3^f 
a4.^ 

xa.o 

4** 

13.0 

30. 1 

95.0 

3-7 

19.4 

37.3 

36 -4" 

»5.3 

3-« 

«4.9 

*  See  note  to  Table  loi. 
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Table  102. — Continued, 


Wisconsin,  Minnesota,  and  Dakota. 


Miles 

of 
Road. 

CURVATURB. 

Gradbs. 

Curres 
Per 

Mile. 

P.C. 

Curved. 

Deg. 

Pe? 

Mile. 

P.C. 
Level. 

Rise 
Per 

Mile.* 

Rise 

and 
Fall 
Per 

Mile.* 

Ruling 
Grades. 

C«1C.  ASlP 

X94-4 
196.4 
X93.0 
aoa.i 
315.4 

0.58 
0.58 

0.54 
0.70 
x.oo 

30.0 

15. 1 

X3.0 
14.8 
33.7 

1 

«4.9: 

13  3* 
13. §• 

13  4-   , 

30.3» 

36.0 

30.0 
33.0 

3t.O 

o.x 
0.4 
0.0 
6.5 
0.9 

5.4 

9.0 

10.5 

8.3 

XI. 4 

35-  3« 
50-  53 
69-  53 

74-  63 
63-  53.8 

44                         44 

44                         44 

44                         44 

44                         44 

Totals  and  st  . .  .... 

1,000.3 

0.68 

17. X 

16. 9» 

34.7 

1.6 

8.9 

Summary  of  the  Western  States. 


No.  of 


or 
DiTS. 


5 

7 


Ohio  and  Indiana 

M  44  4* 


Michiftan. 
Ulinots... 


Iowa. 


Totals  and  av. 


Ditto,  Bastem  Sutes, 
from  Table  xoi .  . . 


Ditto,  Soiitb*n  Sutes, 
from  Table  103 


Miles 

of 
Road. 


CUKVATVRB. 


Curves 
Per 

Mile. 


X.304  5  0.83 

S.348  7  0.70 

M53  3  o-9« 

983.3  0.57 

X,i45.x  0.3a 

i«5«5-o  x-3fi 


8,558.8,    0.78 


5,373.0     1.88 


3,5x1. « 


s.to 


P.C. 
Curved. 


x6.3 
15.0 
ao.3 
X3-« 

9.7 
37.3 


16.9 


35.5 


37.6 


Deg. 
Per 

Mile. 


x6.i* 

X5-9' 

X7.4' 
6.9«» 

9.0* 
36.4« 


16.9* 


55.9' 


3X-5* 


Gradbs. 


P.C. 
Level. 

Rise 
Per 

Mile.* 

17.7 

33.3 
33.9 

19.4 
39.7 

X5.3 

X.3 
X.3 

\:l 

0.9 
3X 

31.4 

1.6 

33.8 

4.7 

33.0 

X.9 

Rise 
and 
Fall 
Per 

Mile.* 

"T" 

7-5 
9-5 
6.4 
8.5 
14.9 

9.x 


X3.0 


X2.4 


*  See  note  to  Table  xox. 


The  most  important  moral  to  be  drawn  from  comparison  of  this  with  the  preceding 
table  is  in  the  last  column  of  the  table,  which  it  seemed  impossible  to  average,  viz. ,  in 
the  excessive  niKng  grades  throughout  the  West,  which  are  considerably  heavier  than 
in  the  East,  in  spite  of  the  very  much  easier  alignment  and  less  rise  and  fall.  In  lo- 
calities it  was  impossible  or  very  difficilt  to  avoid  this,  owing  to  a  succession  of  long  low 
ridges  extending  for  great  distances  in  each  direction;  but  for  the  most  part  it  is  due  to 
bad  judgDMnt  in  location,  in  avoiding  curvature  and  loss  of  distance  at  any  sacrifice  of 
grade,  whereas  the  reverse  should  be  the  rule.     See  Chapter  XX. 
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Table  103. 

Statistics  of  Grades  and  Curvature  on  thb  Railways  of  the  South 

ERN  States  and  Missouri. 

[Computed  from  the  Census  Sutistics  of  x88o.    See  Note  to  Table  xoi.] 

Virginia. 


Miles 

of 
Road. 

CURVATURB. 

1                       Gradks. 

Namb  of  Road. 

Curves 
Per 

Mile. 

P.  C. 
Curved. 

Per 
MUe. 

P.O. 
LeveL 

Rise 

Per 

BftUe.^ 

Rise 

and 

Fall  Per 

Mile.* 

Raliog 
Gradd 

Atl..  M.  &0 

408.6 

419.6 

140.6 

81.7 

x.6 
a-4 

•  •  •  • 

x.o 

36.3 

33.8 
37.0 

57.5' 
6a. o« 
38.0' 
30.0* 

X3S 
9-7 

4.x 
x.a 

a. 7 
x.x 

X3.9 

»3-5 
xa.4 

10. a 

8(H70- 
70  ± 
60 
116-55 

Ches.  &  0 

Rich.  &.  Dan 

R.,F.  &  Potomac 

Totals  and  av 

Xf050.5 

»-7 

36.0 

46.9' 

1     X0.6 

a-3 

xa.5 

North  and  South  Carouna  and  Gborgia. 


C,  Col.  &  Aug. 
Ga.  RR.  &  B... 
Macon  &  B 

Totals  and  av 


'  191 .0 
171 .0 
z88.o 

1.05 

0.85 

0.33 

40.6 
16.0 

36. ©• 

'IS 

9.9 
4X.O 

X.8 

53 
8.0 

aa.9 
X0.5 

5.4 

5SO.O 

0.78 

30.0 

as. 6* 

«5.4 

3.0 

xa.9 

60-67 
39.6 

75 


Kentucky  and  Tbnmbssbb. 


Cin.  So 

Eltz.,  Lex.  &  B.  S 
L.&N 

Memph.  &  C . . . . . 

Mobile  &0 

St.  L.  &S.  E 

Totals  and  av . . . 


335-9 
102.0 

"3-5 

71 

272 

472 
135 


1,501.9 


X.93 

1.93 
o.8x 
0.48 
0.66 
0.80 
0.88 


1.07 


35 
39, 

»9 
M 

X7- 

31 
ao, 


23.8 


5S.4- 

5a  •  9" 
x6.9» 

«3-9' 
16. 6» 
ao.a® 
aa.9® 


a8.4» 


»3.4 
X5.4 
99.0 
aa.o 
X5.S 

aS-S 

xa.5 


X9.0 


0.6 

8.8 

%i 

0.8 
0.6 
o.a 


0.9 


X3.8 


X5.6 

60  - 

»5.3 

60-66 

XX. X 

70-53 

X6.7 

70-70 

xa.9 

52.8 

7. a 

40-30 

«7.S 

8x6-90 

Missouri. 


Bruns.  &  Chill.. 
Burl.  &S.  W..., 
Cape  G.  &  St.  L 
H.  &St.  Jo 

Totals  and  av . 


70  7 

82.7 

40.0 

206.4 

0.76 
1.70 
0.20 
0.76 

U.7 
38.0 

4-5 
25.0 

22.7* 

55..-?' 
4.6« 
17. 8<'  ' 

46.0 
xa.o 
5X.6 
ao.o 

1-3 

••3 
0.0 

x-7 

5-6 
»7.3 

16.9 

408.8 

0.85 

20.5 

25. x»  ; 

1 

3«-4 

1.3 

10.4 

8.8 

.6 
16-XI 
80-80 
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Table  103. — Continued. 


Summary  of  Southern  States. 


No.  of 


or 


4 

I 

4 


t? 


Viri^U 

N.  and  S.  C  and  Ga 
Ky.  aadTean 


Mikt 

of 
Road. 


1,050.5 
550.0 

1,501.0 
408.8 


3,5" -a 


CUKVATUSa. 


Canres 
Per 

Mile. 


1.70 
0.78 
X.07 
0.85 


x.io 


P.  C. 
Cunred. 


36.0 
30.0 
a3.8 

90.5 


•7. 6 


Deg. 

Per 

Mile. 


469* 
as.  6* 

a8.4« 

35.  «• 


3«  5« 


Gkadbs. 


P.C. 

Level. 


X0.6 

a5-4 
X9.0 

33.4 


aa.o 


Rifle 
Per 

Mile.* 


a.3 

30 

0.9 

»-3 


«-9 


and 

Pall  Per 

Mile.* 


ia.5 
za.o 
X3.8 
X0.4 


xa.4 


•  See  Note  to  Table  xox  and  Sommary  to  Table  xoa. 

In  HoUand,  wfaidi  has  the  levcUest  railways  in  Enrope,  6a  per  cent  is  level,  and  only 
97  miles  oot  of  945  on  grades  between  as  and  1.5  per  cent. 

In  Germany  35  per  cent  of  the  mileage  is  between  as  and  x.5  per  cent,  and  a  little 
cyver  25  per  cent  cvnred. 

In  Norway  a  little  more  than  50  per  cent  is  curved,  and  37^  per  cent  has  grades  be- 
as  and  1.5  per  cenL 


Table  104. 

CuRTATU&s  Per  Mils  on  Various  Railways  in  the  Rocky  Mountain 
Region  which  have  a  Great  Amount  of  Curvature. 


[Comptttea 

\  from  Census  Statistics  of  x88o.] 

Road. 

Miles. 

Av.  Deg. 
PerBiile. 

Road. 

Miles. 

Av.  Deg. 
Per  Mile. 

» 

«o5 

«3 

»3S 

tax 
xx6 
178 

3a  o» 

X5X.O* 

93. o» 

i6.o» 

48.5« 
»7.3* 

Colo.  Cent 

34 
It 

xoo 

X05 

6s 

3» 

«43 
X4a 

490.0* 
3*7  ©• 
a/So* 

•«       »( 

Virg.  A  Tmckee 

C*iit  Pi* 

XTuh  ft  No 

(from  Saa  Praacisoo 

•  t                    M 

ao.9* 

59.a* 
430* 

UnionPau:. 

"       "    We«End... 

Texas  Cent 

So.  Pacific 

AUJJLKl. 

87a 

Sa.o* 

a4.7* 

▼VV«BV....^. 

63.6* 
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More  commonly  yet,  the  radios  is  taken  direct  from  a  table,  bat  nothing  s 
ever  done  with  it  in  practical  field-work,  and  it  is  only  of  importance  for 
recording  on  maps  or  for  use  in  solving  problems. 

262 ■  Among  English  engineers  curves  are  usually  defined  as  of  so  mioj 

chains  (66  ft.)  radius.    The  radius  of  a  z*  curve  in  chains  is      ^     =  861815 

00 

chains,  so  that  the  one  method  of  designation  may  be  converted  into  the  other 

by  the  formulae, 

_.      ,    .  86.813  .     ^  86.813 

R  m  chains  =  — =r--,    and    />  = 


D    *  R  in  chains' 

263t  Continental  engineers  designate  curves  by  the  radius  in  metres.    The 

radius  in  metres  of  a  1°  curve  being      ^' —  =  1746.4  metres,  we  have,  forcon- 

3.2804 

verting  the  one  method  of  designation  into  the  other,  the  similar  formulae, 

;P  in  metres  =  i2^*.    .nd    2>  = -^2iM_ 

D  Rxtk  metres 

264t  American  engineers,  and  those  adopting  American  practice,  whes 
working  with  the  metric  system,  use,  as  the  unit  chord,  a  chain  of  20  metres 
^65.61  ft.)  divided  into  100  links  of  2  decimetres  (.656  ft.)  each.  The  radius  of 
a  curve  having  i**  of  central  angle  for  a  chord  of  100  of  any  unit  is  5730  (5729.65) 
of  that  unit,  so  that  the  radius  in  metres  of  a  i*  metric  curve  is  5729.65  X  0.2  = 
1145.93  (1146)  metres,  or  one  fifth  as  many  metres  as  there  are  feet  in  the  radios 
of  a  i"  foot  curve — as  is  natural  from  the  fact  that  there  are  only  one  fifth  as 
many  units  in  the  chord. 

265t  In  stationing  under  the  metric  system,  however,  the  best  practice  is  to 
use  ID-metre  stations,  setting  stakes  at  every  other  station  only  (or  i  chain 
apart)  on  tangents  and  easy  curves,  and  at  every  station  (or  half-chain)  on  sharp 
curves.     In  practice  this  produces  little  inconvenience. 

266i  The  radius  in  feet  of  a  i*  metric  curve  is  — '- —  of  the  radius  of  a  i* 

100 

"  foot"  curve,  or  a  little  (i^  per  cent)  less  than  \  (.667)  and  a  little  (4.6  per  cent) 

more  than  f  (62.5),  either  of  which  vulgar  fractions  may  be  used  for  approximate 

inter  conversions. 

267.  Whether  with  English  or  metric  measures,  on  sharper  curves  than  8*  or 

lo**,  the  chord  becomes  so  much  shorter  than  the  subtended  arc  that  it  becomes 

5730 
inaccurate  to  assume  the  radius  as  —=-.     To  obviate  this  difficulty,  it  is  now 

becoming  usual  in  the  best  practice  to  run  in  curves  sharper  than  8*  with  HALF 
the  usual  unit  chord,  or  50  ft.,  and  to  run  in  curves  sharper  than  16*  with  oite 
FOURTH  the  usual  unit  chord.    It  then  becomes  literally  true,  to  the  nearest  even 
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foot,  tbmt  the  ndius  of  all  curves,  of  whatever  degree,  is  given  by  the  formula 
•  -  5730 

It  is  expedient  for  practical  reasons  to  set  stakes  thus  frequently  on  sharp 
conres,  so  that  this  practice  involves  no  inconvenience. 

It  is  rarely  necessary  or  expedient,  in  practical  location,  to  use  other  than 
•vcn  degrees  (or,  at  most,  even  half-degrees)  of  curvature,  except  in  "closing 
cnnres,"  to  connect  with  other  lines,  and  except  that  certain  degrees  which  con- 
tain an  even  number  of  minutes  (as  50',  i*  40'  (100'),  3**  20'  (200')  curves)  are, 
lor  practical  convenience  in  the  transit  work,  sometimes  preferred. 

Table  105  gives  the  radii  in  feet,  chains,  and  metres  of  all  the  curves  below 
30*  which  are  much  used  for  either  metric  or  English  measures.  We  now  re* 
nune  consideration  of  the  various  objections  to  curvature. 


Table  105. 
Radii  op  Curves  op  Various  Degrees  in  Feet,  Chains,  and  Metres. 


Degree 

of 
Cvnrc. 

CUKVBS   RUN    BY   ENGLISH 

Mbasurbs. 

Curves  Run  by  Mbtric  Meas- 
ures (20  M.  Chain). 

Radius  in 

Radius  in 

Radius  in 

Radius  in 

Radius  in 

Feet. 

Chains. 

Metres. 

Metres. 

Feet. 

o*  30' 

11,460 

173.626 

3.492  8 

2,291.86 

7.519.2 

o*  50' 

6,876 

100.408 

2.095.7 

1.375. 12 

4.51I.5 

>:4o'  § 

5.730 

86.813 

1,746.4 

1. 145-93 

3.759.6 

3.438 

52.089 

1,047.8 

687.56 

2.255.8 

*i  .  \ 

2.865 

43.406 

873.2 

572.96 

1,879.8 

2*30'    \ 

2,292 

34.726 

698.6 

458.28 

1.503.8 

3.   .  1 

1,910 

28.938 

582.1 

381.98 

1.253-2 

3    20    (J 

I.719 

26.044 

523.9 

343 . 78 

1,127.9 

•»           •- 

1.433 

21.704 

436.6 

286.48 

939-9 

5               C 
6'           ^ 

1,146 

17.363 

349-3 

229.19 

751.9 

955 

14.469 

291. 1 

190.99 

626.6 

r 

819 

12.402 

278.1 

163.70 

537.1 

8* 

717 

10.852 

218.3 

143-24 

470.0 

9- 

637 

9.646 

194.0 

127.33 

417.7 

lO*        1 

573 

8.681 

174-6 

"4-59 

376.0 

"I  c"2d 

521 

7.892 

158.8 

104.18 

341.8 

12*  Di*" 

478 

7.236 

145.5 

95.50 

313.3 

14*      0 

409 

6.201 

124.7 

81.85 

268.5 

16* 

358 

5.426 

109. 1 

71.62 

235.0 

18*        1 

318 

4.823 

97.0 

63.66 

208.9 

^•^•S.:^ 

286 

4.340 

87.3 

57.30 

188.0 

24'Di« 

239 

3.618 

72.8     1 

47.75 

156.6 

30*     U 

191 

2.894 

58.2 

1 

1 

38.20 

125.3 

268  CHAP,   VIII.—CURVATURE^MAKING   TIME. 


DIFFICULTY   IN   MAKING   TIBCE. 

268.  It  is  beyond  dispute  that  the  addition  of  a  sufficiently 
great  amount  of  sufficiently  unfavorable  curvature  will  seriously 
cripple  any  line.  The  curvature  is  objectionable  not  alone  for 
fast  passenger  trains  but  for  freight  trains  also,  for  it  is  fully  as 
difficult  and  as  dangerous  to  run  freight  trains  over  sharp  curves 
at  25  or  30  miles  per  hour  as  passenger  trains  at  60  miles  per 
hour,  owing  to  the  difference  in  their  mechanical  construction, 
and  yet  with  each  alike  such  speeds  are  often  necessary. 

Here,  as  elsewhere,  however,  the  true  question  before  us  is 
not  **  Does  the  difficulty  exist  ?**  but  "  How  great  is  the  difficulty, 
and  what  are  its  limits  ?"  Considering  the  question  in  this  light, 
and  remembering  that  we  are  not  now  speaking  of  nor  consider- 
ing cost,  but  only  physical  possibilities,  experience  seems  to  in- 
dicate that,  up  to  reasonable  amounts  of  8^  or  even  zo°  maximum 
curvature  (717  to  573  feet  radius)  this  difficulty  is  not  one  which 
results  in  very  serious  consequences;  for  lines  which  are  little 
less  than  a  succession  of  such  curves  have  as  fast  schedules  and 
make  as  good  time  and  connections  as  more  favored  lines.  On 
curvature  of  shorter  radius  the  centrifugal  force  becomes  so 
great  that  either  the  speed  must  be  checked,  or  the  additional 
pressure  against  the  outside  rail  becomes  objectionable. 

269.  In  the  days  of  hand-brakes  and  iron  rails  this  necessity 
of  checking  speed  on  sharp  curves  was  (or  would  have  been)  a 
serious  obstacle  to  habitual  fast  running,  but  since  the  introduc- 
tion of  air-brakes  and  steel  rails  a  train  can  be  checked  up 
slightly  with  such  a  very  trifling  loss  of  time — ^and  if  it  should 
chance  to  be  omitted,  the  consequences  are  so  much  less  likely  to 
be  disastrous — that,  within  the  limits  of  choice  which  are  ordi- 
narily open  to  the  engineer,  this  question  of  making  time  is  much 
less  likely  than  heretofore  to  be  seriously  affected  by  either  the 
amount  or  the  radius  of  curvature.  Since  the  introduction  of 
steel  rails,  the  question  now  chiefly  concerns  passenger  traffic, 
any  curve  of  less  than  20°  laid  with  steel  (and,  in  fact,  with 
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properly  designed  engines,  much  sharper  curves)  being  safe  (we 
are  now  considering  nothing  else)  at  ordinary  freight-traia 
•peed. 

270.  For  any  ordinary  differences  of  radii  the  reduction  of 
speed  necessary  to  eliminate  the  additional  centrifugal  force 
due  to  a  shorter  radius  is  not  great  Much  misapprehension  in 
this  respect  exists,  owing  to  forgetfulness  or  ignorance  of  the 
fact  that  centrifugal  force  increases  only  as  the  degree  of  curva- 
ture, but  as  the  square  of  the  speed,  so  that  comparatively  trifling 
decrease  of  speed  will  place  very  material  differences  of  radius 
oa  an  equality  in  this  respect  Thus,  to  obviate  the  effect 
of  sharpening  a  curve  from  a  5^  to  a  10^  we  do  not  need  to 
halve  the  speed,  but  only  to  reduce  it  in  the  proportion  of  i :  4^7, 

so  that  if  a  speed  of  60  miles  per  hour  be  safe  on  a  5°  curve 

/60  \ 
a  speed  of  42.43  miles  per  hour  \r~j^]  is  equally  safe  on  a  10° 

curve ;  and  if  we  again  double  the  degree  of  the  curve  to  20% 
we  only  reduce  the  admissible  speed  of  equal  safety  by  iMj 
miles  per  hour,  or  to  30  miles  per  hour. 

TUs  tutemefit  neglects  the  fact  that  the  same  excess  of  centrifugal  force  is 
dangerous  on  a  sharp  curve  than  on  an  easy  one;  but  the  dififercnce  in 
respect  while  it  exists,  is  small,  because  the  lateral  flange  pressure  is 
(eootnuy  to  a  common  misapprehension)  unaffected  by  the  degree  of  curvature. 

271.  The  precise  effect  of  curvature  on  the  admissible  speed  may  be 
determined  as  follows : 

The  centrifugal  force  C  of  any  body  of  weight  W  moving  at  ?/  ft 
per  second  in  a  circle  of  r  ft.  radius  is,  in  the  latitude  of  New  York, 

Oog  32.16.  1.50731) (I) 


32.i6r 


To  determine  the  centrifugal  force  of  a  body  moving  at  V  miles  per 

hour  on  a />•  curve,  we  have  V  =  ^2 — --  =  1467  K,  and  r  =  ^~i    Sub- 
fox  60  D 

stitntfai^  these  values^  we  obtain 

C=  xx)ooii67  Oog  5.06722)  K*/>  X  W.  •    •     (2, 
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Or,  for  the  centrifugal  force  in  lbs.  per  ton,  multiplying  the  second 
member  of  the  above  equation  by  2000,  we  obtain 

C=. 023:48  F*Z>  Gog  8.36825) (D 

From  this  formula  Table  106  is  calculated,  giving  the  centrifugal  fores 
•n  lbs.  per  ton  of  2000  lbs.  on  any  curve  at  any  speed. 


Table  106. 

Centrifugal  Force  in  Pounds  Per  Ton  of  2000  lbs.  on  Various  Cuites 

AT  Various  Speeds. 

[Computed  by  Eq.  (3),  par.  371.] 


Speed 
Miles  Per 

Dbgrbb  of  Curvb. 

Hour. 

!• 

5' 

xo«» 

IS- 

1 

ao* 

10 
20 
30 

2.33 
9.34 

21.01 

37.36 

58.37 
84.05 

114 . 40 

149-43 
189.12 

233.48 

11.67 

46.70 

105.07 

186.78 

291.85 
420.26 

23.35 

93-39 
210.13 

373.57 

35.02 

140.09 

315.20 

46.70 
186.78 
420.26 

40 

560.35 
875.55 

1,260.79 

1,706.08 
2,241.41 
2,836.78 
3,502.20 

747.14 

50 
60 

583.70 
840.53 

1.144.05 
1,494.27 
1,891.19 
2,334.80 

1,167.40 
1,681.06 

70 

80 

90 

100 

572.03 
747 . 14 

945.59 
1,167.40 

2,288.10 

2,988.54 

3,782.38 
4,669.50 

The  centrifug:al  force  on  any  other  curve  is  directly  as  the  degree  of  curvature. 
The  heavy  division  lines  mark  the  assumed  maximum  limit  of  q)eed  for  safety;— when 
the  centrifugal  force  is  J^  W. 

272.  For  the  train  to  be  overturned  it  is  essential  that  the  resultant 
of  the  centrifugal  force  and  gravity  shall  fall  without  the  base,  which  is 
upon  the  point  of  occurring,  on  a  level  track,  as  will  be  clear  from  Figs. 
18  and  19,  when 

W      cent.  gray,  above  track 
C  ~  half-gauge 
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The  height  of  the  centre  of  gravity  varies  in  different  cars  and  loco- 
DOtives  from  as  little  as  a,\ 
a  5  ft.,  in  heavily  loaded  Bat 
■xn,  to  as  much  as  7  fL  in 
iome  types  of  locomotives. 
\s9uming  it  at  6  ft,  as  in  Fig. 
(8.  makes  some  allowance  for 
.he  beneficial  elfect  of  super- 
ilevation  ;  which  moreover,  in 
Jie  extreme  case  of  danger  of 
sverturning,  does  not  have 
its  full  effect,  t>ecause,  long 
before  the  point  where  it  is 
Imminent,  centrifugal  force 
will  so  act  upon  the  springs  as 
CO  throw  the  centre  of  gravi^ 
into    nearly    the    position    it  Pio.  A.  Fic  19. 

woold  occupy  U  the  cars  were  1  rigid  body  and  there  were  no  super- 
dcvation. 

The  maximum  superelevation  is  about  one  seventh  the  gauge,  or 
■bout  eight  inches.  This  may  be  considered  as  reducing  the  centrifugal 
force  by  one  seventh  of  the  weight  of  the  body,  or  186  lbs.  per  ton,  barring 
the  action  of  the  springs. 

Z73>  We  have,  then,  assuming  the  centre  of  gravity  to  be  6  ft.  above 
the  rails,  and  half  the  gauge  (between  centres  of  rails)  to  be  14  +  ft.. 


W 


6.0. 


C  "  24 

rain  is  upon  the  point  of  overturning. 


(4) 


whence  fT  =  04^  when  the  t 
Bat  [eq.  (3)]  we  have  also 

C  =  oooawfijV^DW, (3) 

md  from  eqs.  (2)  and  (4}  we  readily  obtain 


this  being  the  equation  of  the  maximum  velocity  in  miles  per  hour 
which  a  train  can  have  without  leaving  the  raiJs  by  overturning. 

374.  Long  before  thu  comes  the  point  of  danger,  and  long  before  that 
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again  comes  the  point  of  more  or  less  serious  impacts,  oscillation*  and  ap- 
prehension of  danger.  The  minimum  limit  of  objectionable  speed,  below 
which  there  may  be  said  to  be  not  only  no  sensible  danger,  but  no  possibil- 
ity of  annoyance  or  apprehension  of  danger,  does  not  from  its  nature  admit 
of  exact  determination  ;  but  we  shall  obtain  a  result  corresponding  closely 
with  what  have  in  fact  proved  wholly  unobjectionable  velocities  on  various 
curves  if  we  assume  this  minimum  limit  to  be  when  the  action  of  the 
centrifugal  force  upon  the  car-body  does  not  more  than  suffice,  on  easy 
curves  having  the  usual  (but,  as  we  shall  shortly  see,  probably  too  sraaii) 
superelevation  of  about  \  in.  per  degree,  to  throw  it  over  so  as  to 
maintain  it  level  despite  the  superelevation.  The  point  at  which  this 
occurs  may  be  determined  as  follows: 

The  springs  of  an  easy- riding  passenger  car  have  been  compressed 
through  perhaps  6  in.  by  the  weight  of  the  car-body  from  their  unloaded 
dimensions.  An  addition  of  -^  of  the  weight  resting  on  a  spring,  con- 
sequently, will  compress  it  through  an  additional  \  in.,  and  an  addition 
of  ^  of  the  weight  resting  on  it  will  compress  it  through  \  in.  The 
shifting  of  this  much  of  the  weight  to  the  outer  springs  involves  a  cor- 
responding decrease  of  the  compression  in  the  inner  springs ;  so  that,  as- 
suming the  leverage  of  the  centre  of  gravity  of  the  car^body  only  to  be 
equal  to  that  of  the  resisting  moment  of  the  springs,  as  it  approximately 
is  (see  Fig.  i8),  a  centrifugal  force  of  ^f^,  or  say  0.04.  Jf^  will  suffice  to 
preserve  the  car-body  level  Substituting  this  coefficient,  0.04  for  0.4  in 
eq.  (5),  we  obtain 


=»/ 


0.04        _  58.53^. ^ 


.00001 1 67Z?       i^D 


this  being  the  equation  of  the  inferior  limit  of  the  dangerous  velocities; 
i.e.,  that  at  which  the  car-body  of  the  easiest-riding  coaches  will  at  the 
most  remain  level,  and  not  have  a  cant  toward  the  outside  of  the  rail,  with 
the  smallest  usual  superelevation. 

275.  As  both  the  possible  compression  of  the  springs  and  the  amount 
of  superelevation  soon  reach  a  maximum  limit,  this  particular  criterion 
for  determining  what  is  the  inferior  limit  of  obnoxious  velocities  does 
not  hold  precisely  and  theoretically  true  when  extended  to  the  sharper 
curv^es,  since  it  would  require,  for  instance,  on  a  20®  curve,  10  in.  of 
superelevation  and  5  in.  compression  of  the  springs,  neither  of  which 
arc  admissible  ;  but  it  has,  nevertheless,  the  advantage  before  mentioned 
(par.  274)  of  corresponding  tolerably  closely  with  what  have  in  fact  proved 
wholly  unobjectionable  velocities  on  such  curves,  as  it  plainly  should  if  cor- 
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lect  for  the  lower  curves.  This  appears  in  the  tabulation  of  eqs.  (5)  and 
(6)  given  in  Table  107,  for  curves  of  different  radii  up  to  a  60°  curve  (95 
ft.  radius),  the  latter  being  somewhat  easier  than  the  curve  of  90  feet 
radius  on  the  New  York  elevated  railways,  and  hence  to  be  regarded  as 
about  the  maximum.  The  trains  pass  around  these  curves  at  6  to  10 
miles  per  hour  without  any  disagreeable  centrifugal  force. 

(See  also  par.  865  et  seg,) 


Table  107. 
GrviNG  FOR  Various  Curves  the  Inferior  and  Superior  Limits  of  Speed 

WITHIN    WHICH    the  CENTRIFUGAL    FORCE  IS  MORE  OR   LeSS    OBJECTION- 
ABLE AND  Dangerous. 

[Computed  by  Eqs.  (5)  and  (6),  par.  273.] 


CUKTB. 

Maximi'm  and  Minimum  Limits  op  Spbbd.    Mii.bs  Per  Hour. 

Decree. 

Radius. 
Feet. 

Minimum.    Havinfir  oo 
Disagreeable  Effect. 

Maximum.    On  the  Point  of 
Overturning  the  Vehicles. 

a* 

4" 
6* 

8' 

2.865 

1.433 
955 
717 

41.39  Miles  per  hour. 

29.27 
23.90 
20.70 

130.89  Miles  per  hour. 
92.55 
75.57 
65.44 

to- 

573 

18.51  Miles  per  hour. 

58.54  Miles  per  hour. 

i6* 

18*' 

478 
410 

358 

319 

16.90  Miles  per  hour. 
15.64 

14.63 
13.78 

53.43  Miles  per  hour. 

49.47 

46.28        "         ♦*       '   • 

43.58 

20* 

286 

13.09  Miles  per  hour. 

41.39  Miles  per  hour. 

22' 

24' 

26' 

28' 

261 
239 
221 
205 

12.48  Miles  per  hour. 

11.95 
II. 61 

11.06 

39.46  Miles  per  hour. 

37.78 

36.72        •*         " 

34.98 

30* 

191 

10.69  Miles  per  hour. 

33.80  Miles  per  hour. 

40- 
50- 

143 -3 
114. 6 

9.25  Miles  per  hour. 
8.28 

29.27  Miles  per  hour. 
26.18 

60* 

95.5 

7.56  Miles  per  hour. 

23.90  Miles  per  hour. 

The  speeds  in  the  last  two  columns  are  all  speeds  0/  eqtial  safety,  those  in  the  last 
ot^amn  being  equal  to  those  in  the  preceding  column  X  Vio  or  3.16.    Multiplying  or 
diriding  either  column  by  2,  3,  or  any  other  factor  whatever,  will  give  a  new  column  0/ 
q«eds  of  equal  safety. 
18 
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276.  These  maximum  and  minimum  limits  correspond  to  a  difference 
in  centrifugal  force  of  i  to  lo ;  yet  it  will  be  seen  that  the  resulting  veloci- 
ties differ  only  as  i  to  ^To  or  i  to  3.16,  as  they  should.  It  will  also  be 
seen  that  the  permissible  speed,  by  whatever  standard,  does  not  vary 
directly  as  the  radius  or  inversely  as  the  degree,  as  may  be  over-hastily 
assumed,  but  as  the  square-root  of  the  radius  or  degree.  That  is  to  saj. 
on  any  three  curves  having  radii  as 

I*    2.    3> 

the  centrifugal  force  at  any  given  velocity,  it  is  true,  is  as 

3,    2.    I  ; 

« 

but  the  coefficient  of  safety  against  overturning  or  of  disagreeable  or 
obnoxious  effect  of  any  kind  admissible  under  any  circumstances  on  a 
road  operated  by  steam,  is  as 

fi;      V^      i^ 
or  as  1.73,    1.41.    1.00. 

277.  We  may  also  note  that  the  maximum  necessary  loss  of  time  from 
a  dead  stop,  in  passenger  service,  under  any  ordinary  circumstances,  is 
only  about  three  minutes,  and  the  loss  of  time  from  slowing  up  for  a  quarter 
of  a  mile  or  so,  under  the  quick  command  of  the  train  given  by  the  air, 
is  veiy  much  less  than  this,  while  the  steel  rail  has  materially  reduced  the 
difficulty  in  and  objection  to  making  up  for  such  delays  by  higher  speed 
at  other  points.     This  is  shown  more  fully  in  Chap.  XIX. 

For  freight  service  alternations  of  speed  by  the  use  of  brakes  are  still 
very  objectionable,  and  perhaps  will  long  continue  to  be ;  but  ordinary  cur- 
vature does  not  require  this. 

278.  We  may,  therefore,  conclude  (in  part  on  the  author- 
ity of  the  matter  referred  to  above,  which  it  seemed  more  appro- 
priate to  postpone  to  Chap.  XIX.)  that  any  difference  within  the 
power  of  the  engineer  to  effect  is  not  likely  to  materially  affect 
the  ability  to  make  ordinary  express-train  time.  If  it  were  a 
question  between  2°  curves  or  20°,  or  between  no  curvature 
and  a  great  deal,  it  might  well  make  a  serious  difference ;  but 
under  ordinary  circumstances  the  question  is  rather  between 
say,  6°  and  10°  curves,  or  between,  say,  10  per  cent  more  and  10 
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per  cent  less  curvature.  In  such  cases,  on  other  than  trunk 
lines  running  fast  expresses,  the  importance  of  this  particular 
question  is  not  simply  diminished  pro  rata^  but  entirely  van- 
ishes. 

279.  The  effect  qy  curvature  on  the  smooth  riding  of 
CARS  is  a  matter  of  fhx>re  serious  moment  in  not  a  few  cases  of 
lines  with  a  large  through-passenger  traffic. 

For  day  travel  it  matters  less;  but  there  is  no  doubt  that 
since  the  general  introduction  of  sleeping-cars  not  a  little  travel 
has  been  kept  off  the  New  York,  Lake  Erie  &  Western  Railroad, 
for  example,  as  well  as  other  crooked  railways,  for  this  reason 
alone,  when  a  straighter  competing  line  existed.  On  the  other 
hand,  the  number  of  lines  to  which,  on  account  of  the  competi- 
tion of  other  and  straighter  lines,  this  is  an  important  considera- 
tion is  not  very  great;  and  even  when  it  is  or  may  be,  this  also 
is  peculiarly  one  of  those  cases  in  which,  although  a  perfect  cure 
would  be  exceedingly  important  and  valuable,  the  partial  cure 
from  the  slight  modifications  which  are  alone  within  the  power  of 
the  engineer,  without  very  ^rcat  expenditure,  will  in  most  cases 
have  little  value.  It  is  also  to  be  remembertd  that  if  a  curve  is  in 
thoroughly  good  shape  the  motion  of  a  car  is,  after  it  has  once 
entered  the  curve,  almost  as  steady  as  on  a  tangent.  If  the 
centrifugal  force  and  superelevation  could  be  exactly  balanced, 
the  body  of  a  traveller  cither  in  a  sleeping-car  or  day-coach 
would  be  unaffected  by  either.  Unfortunately  this  is  out  of  the 
question;  but  the  worst  effect  usually  comes  from  entering  and 
leaving  a  curve,  and  this  again  chiefly  results  from  the  fact  that« 
as  roads  are  ordinarily  located,  the  line  instantly  changes  from 
a  tangent  to  a  sharp  curve.  The  consequence  is,  inevitably,  a 
disagrreeable  lurch  and  "thud;"  which  would  be  much  worse 
than  it  is  except  that  the  trackman  with  his  bar  corrects  the 
-errors  of  the  engineer  with  his  transit  by  "easing  off"  the  curve 
at  the  ends,  extending  it  a  hundred  feet  or  more  on  to  the  tangent, 
but  of  course  necessarily  sharpening  the  curve  not  a  little  for  a 
short  distance  beyond  the  technical  "  P.  C."  The  latter  is  un- 
fortunate; but  it  is  far  better  than  to  leave  the  curve  as  the  en- 
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gineer  stakes  it  out,  and  it  never  is  so  left  on  old  and  good  track, 
so  far  as  the  writer  has  observed,  but  invariably  flattened  off  at 
the  ends  by  the  trackmen. 

280.  The  "  easing  off"  should,  it  need  hmrdljr  be  said,  be  rather  done  bf 
the  engineer  in  proper  form  in  the  first  place,  in  such  manner  as  to  avbid  also 
the  lesser  evil  of  a  kink  in  the  body  of  the  curve.  A  simple  and  practical 
method  for  putting  in  such  transition  curves  involving  hardly  any  extra  worl[ 
for  this  purpose  (in  fact  rather  facilitating  the  field-work)  is  given  in  the  field- 
book  which  succeeds  this  volume.    See  also  close  of  Chap.  XXX. 

281*  It  may  be  added  that,  as  more  fully  pointed  out  in  the  field-book  r^ 
f erred  to,  the  use  of  the  parabolas  instead  of  circular  curves  for  railways,  pn>> 
posed  in  the  early  days  of  railway  construction  and  in  a  few  cases  used,  would 
have  no  important  efifect  in  reducing  the  evil  described.  What  is  wanted  is  {i\ 
to  ease  off  the  curve  by  a  rapidly  changing  radius  for  a  short  distance  at  the 
ends — a  transition  curve ;  and  (2),  to  leave  the  great  body  of  the  curve  of 
uniform  radius.     This  the  parabola  does  not  accomplish. 

282.  The  moral  effect  of  excessive  curvature  to  deter 
TRAVEL — or  rather,  the  moral  effect  of  known  excellence  in  that 
as  in  every  other  detail  to  encourage  travel,  is  in  not  a  few  cases, 
— as  for  instance  the  Pennsylvania  Railroad — a  consideration  of 
more  importance  than  appears.  Advertising  is  generally  re- 
garded by  all  business  men  as  a  profitable  outlay,  even  when  it 
is  all  outlay.  When  the  advertising  is  of  such  a  nature  as  to  in 
part  pay  for  itself  by  saving  expenses,  even  if  only  to  a  limited 
extent,  it  becomes  of  course  still  more  desirable,  and  in  the  case 
of  railways  has  the  peculiar  advantage  noted  in  Chap.  III.,  that 
any  additional  sales  they  may  thus  make  cost  almost  literally 
nothing. 

In  the  case  of  some  few  roads  which  have  an  immense,  an 
almost  unlimited,  trafHc  to  contend  for,  this  consideration  alone 
may  become  of  such  great  importance  as  to  justify  very  heavy 
expenditure.  Thus,  the  policy  which  the  Pennsylvania  Railroad 
has  adopted  of  polishing  and  perfecting  their  line  in  this  and  in 
various  other  almost  fanciful  ways  will  doubtless  prove  a  money- 
making  operation,  and  largely  on  this  account;  for  even  with 
their  great  traffic,  which  will  justify  almost  any  expenditure  to 
effect  a  perceptible  improvement,  it  might  perhaps  be  difficult 
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to  justify  the  expenditures  which  they  have  made  to  take  out 
some  of  their  curvature  by  any  correct  estimate  of  the  direct 
saving  in  operating  expenses.  One  of  the  "almost  fanciful  "  ex- 
penditures referred  to  is  to  secure  absolute  perfection  of  appear- 
ance, as  well  as  real  excellence,  in  the  track  and  right  of  way  by 
dressing  the  edges  of  the  slopes  of  the  broken  stone  ballast  to 
an  exact  line,  stone  by  stone,  and  by  elaborately  neat  and  taste- 
ful road  crossings.  Another,  and  the  one  more  particularly  re- 
ferred to,  is  the  expenditure  of  occasional  large  sums  in  bold 
.lines  to  eliminate  curvature  and  trifling  amounts  of  distance. 

283*  Between  Harrisburg  and  Philadelphia  the  line  of  the  Pennsylvania 
Railroad  is  one  of  the  most  instructive  practical  lessons  on  the  subject  of 
curvature,  perhaps,  which  exists  in  the  world.  The  old  and  very  crooked  line 
built  by  the  State  nearly  fifty  years  ago  is  crossed  almost  every  half-mile  for 
long  stretches  by  the  newer  line,  which  has  been  constructed  piece  by  piece,  and 
which  has  hardly  one  tenth  the  curvature,  while  at  no  point  more  than  a  -few 
hundred  feet  from  the  old  line.  Comparison  of  the  two  is  instructive  in  'three 
ways: 

First,  and  chiefly,  the  old  line  is  an  example  of  how  immense  amounts  of 
curvature  may  be  introduced  merely  from  ignorance,  carelessness,  or  inexperi- 
ence, without  the  slightest  real  necessity.  At  very  many  points  the  new  line 
was  no  more  expensive  than  the  old,  while  materially  better. 

Secondly,  it  is  at  many  points  an  example  of  judicious  construction,  both  on 
the  new  line  and  the  old  :  the  old  line  being  very  cheap,  and  answering  a  very 
good  purpose  while  capital  was  scarce  and  traffic  light,  and  involving  little  loss 
to  throw  away  when  these  conditions  had  changed  so  as  to  justify  the  new  line. 
Thus,  while  it  was  wise  to  throw  away  the  work  in  the  end,  it  was  also  wise  to 
build  it  in  the  beginning. 

Thirdly,  there  are  various  points  where  the  new  line,  however  more  pleas- 
ing to  the  eye,  may  be  seen  to  be  far  more  expensive  than  any  ordinary  traffic 
would  justify  in  proportion  to  the  end  attained.  The  Pennsylvania  Railroad, 
however,  has  not  an  ordinary  traffic. 

284.  But,  after  all,  the  lines  are  few  which  have  so  large  a 
competitive  traffic  to  lose  or  gain  as  to  make  the  advertising  value 
of  a  better  line  a  consideration  of  much  moment,  and  then  it  only 
becomes  such  when  it  is  only  one  form  of  a  general  and  notori- 
ous policy.  With  the  Pennsylvania  it  is  so.  Its  track  is  well 
known  among  well-informed  railroad  men,  the  world  over,  to  be 
distinctly  superior  in  its  finish,  if  not  in  its  real  excellence,  to 
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anything  which  exists  in  any  part  of  the  world,  and  the  same 
spirit  pervades  most  of  the  details  of  its  management,  but  only 
when  the  competition  is  very  close,  the  traffic  very  heavy,  and 
the  amount  of  avoidable  sharp  curvature  in  question  very  large, 
could  it  do  so.  In  a  new  and  direct  trunk  line  between  Phila- 
delphia or  Chicago  and  New  York,  for  example,  it  would  be  a 
very  important  consideration. 

285.  So  far,  the  miscellaneous  and  indeterminate  objections  to 
curvature  discussed  apply  chiefly  to  passenger  travel.  Another 
of  great  importance  applies  only  to  freight  traffic,  viz.:  The  ef- 
fect OF  CURVATURE,  and  especially  sharp  curvature,  as  an  ob- 
stacle TO  THE  USE  OF  HEAVY  AND  POWERFUL  TYPES  OF  LOCO- 
MOTIVES. Without  attempting  to  summarize  now  the  mechanical 
reasons  for  the  conclusion,  which  are  given  later  (Chap.  XI.),  it 
is  a  fact  that,  in  spite  of  occasional  obstinate  opposition  to  cer- 
tain types  of  engines  being  used  "on  our  curves"  by  men  who 
ought  to  be  good  judges,  there  is  not  the  slighest  evidence  to 
show  that  all  the  types  now  in  use  are  not  mechanically  very 
nearly  on  a  par  as  respects  the  physical  possibility  of  being  ad- 
vantageously operated  over  any  ordinary  and  reasonable  curva- 
ture. The  wear  and  tear  is  a  little  greater  with  heavy  engines, 
as  we  shall  see;  but  that  is  not  now  the  question  before  us. 

Certainly  up  to  the  limit  of  lo**  curves  (573  feet  radius)  this 
objection  is  wholly  unfounded.  The  New  York,  Lake  Erie  & 
Western,  Baltimore  &  Ohio,  and  numerous  other  lines  (see  Table 
1 16)  have  curves  of  that  radius  exposed  to  the  heaviest  and  fast- 
est traffic,  over  which  Consolidation  engines  run  without  the 
slightest  evidence  of  peculiar  difficulty,  danger,  or  wear  and  tear. 
In  the  coal  regions  of  Pennsylvania  14°  and  16°  curves  are  not 
at  all  uncommon  on  branch  lines,  and  for  operating  such  lines 
the  Consolidation  engine  was  first  designed  and  had  its  first 
success. 

286.  The  Consolidation  engine  was  designed  by  Mr.  A.  Mitchell,  then 
Master  Mechanic  of  the  Lehigh  Valley  Railroad,  in  1872.  The  type  was 
so  novel  that  the  Baldwin  Locomotive  Works  were  reluctant  to  under- 
take its  construction.     The  Atchison,  Topeka  &  Santa  F6  Railroad  in 
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1881  operated  16*  curves  with  a  60-ton  Consolidation  locomotive  (see 
Trans.  Am.  Soc  C  E.,  1880.  Paper  No.  CLXXX),  with  the  result  that "  it 
is  believed  that  the  Consolidation  engine  travels  the  16°  curves  with  as 
much  ease  as  the  ordinary  '  American '  engine,  and  causes  less  wear  of 
track  and  permanent  way." 

287.  In  the  "  Seventh  Annual  Report  of  the  American  Railway  Master 
Mechanics'  Association"  (1876,  p.  13)  a  committee  of  five  prominent  master 
mechanics  and  mechanical  engineers  report  as  follows : 

"  With  reference  to  the  loads  hauled  by  these  heavy  engines,  it  may  be 
well  to  sav  that  no  practical  difficulties  are  experienced  on  the  Pennsyl- 
vania and  Northern  Central  railroads'  level  divisions  in  hauling  trains 
of  80  or  90  loaded  cars  at  1 5  miles  per  hour.  These  long  trains  are  hauled 
around  sharp  curves,  of  which  the  radii  range  from  650  feet  (8°  50^)  up- 
ward. In  exceptional  cases  very  much  sharper  curves  are  passed.  Thus 
on  the  Baltimore  &  Ohio  Railroad  there  is  a  Y  with  curves  of  136  feet 
radius  (42°  curves),  and  Consolidation  engines  are  run  around  these  curves 
without  trouble.  In  fact  no  difficulty  has  been  reported  in  using  them  in 
all  cases  like  ordinary  freight  engines." 

288.  In  the  same  report  (p.  123)  we  have  a  report  of  experiments  at 
Renovo,  on  the  Philadelphia  &  Erie  Railroad,  to  determine  the  relative 


Table  108. 
CoMPARATivx  Resistance  on  Curves  of  Various  Types  of  Locomotives. 

According  to  experiments  on  the  Philadelphia  &  Erie  Railroad. 

[The  precise  results  of  this  table  cannot  be  accepted  as  accurate^  but  they  are  of  value 
as  indicating  that  there  is  at  least  no  great  difference  against  the  heavier  typ)es.] 
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curve  resistance  of  various  engines,  which  indicate,  so  far  as  they  ga 
that  if  we  may  estimate  relative  adaptability  to  and  danger  on  varioai 
curves  by  the  relative  resistance,  the  heaviest  class  of  engines  aie  si 
least  as  well  adapted  to,  and  as  safe  on,  sharp  curves  as  any  other  dan  of 
engines.  Table  io8  gives  a  summary  of  these  experiments,  which  vac 
made  by  Mr.  Isaac  Dripps,  General  Master  Mechanic  of  the  Philadelphia 
&  Erie  Railroad,  with  a  recording  dynamometer  car  which  he  guaranteei 
to  have  been  correct ;  but  notwithstanding  this  guarantee,  it  seems  alnuat 
certain  that  there  must  have  been  some  defect  of  apparatus  which  pw- 
tially  vitiates  the  results,  as  they  seem  unduly  favorable  to  the  Consoli- 
dation type.  The  tests  may  be  accepted,  however,  as  indicating  qoiie 
strongly  that  the  difference  is  not  great  against  them.  The  speed  wm 
kept  as  near  lo  miles  per  hour  as  possible,  and  the  effect  of  vaiyim 
velocity  estimated  from  the  diagram. 

289.  Mr.  Dripps  says : 

"  The  locomotives  were  in  good  working  order,  and  were  geaenDf 
taken  for  the  experiments  as  soon  as  detached  from  their  trains,  the  onlf 
preparation  necessary  being  to  disconnect  the  piston-rods  from  thecnm- 
ncads  so  as  not  to  have  the  friction  of  the  piston  in  the  cylindera.  All 
the  other  connections  were  left  precisely  as  if  running  by  steam,  so  tint 
the  friction  due  to  all  the  working  parts  of  the  locomotive,  except  the  fri^ 
tion  of  the  piston  within  the  cylinders,  would  be  indicated.  The  loa^ 
motives  ex{>erimented  with  were  pulled  by  another  locomotive  and  the 
dynamometer  car.  They  would  have  been  pushed  except  for  the  danger 
of  snow  blowing  on  the  track. 

"These  experiments  prove  conclusively,  that  heavy  locomotives  prop- 
erly designed,  with  a  short-wheel  base,  and  with  as  many  bearing  pointl 
on  the  rails  within  such  base  as  possible, — thus  reducing  the  weight  OS 
each  bearing  point, — will  pass  around  curves  with  less  friction,  and  M  lev 
destructive  to  the  track,  than  the  ordinary  passenger  locomotive  of  moch 
less  weight.  Of  course  these  heavy  locomotives  are  best  adapted  for 
slow  speeds,  and  will  show  the  greatest  economy,  and  will  work  to  the 
b'^rs'  advantage  on  railroads  having  double  track,  heavy  grades,  and  S 
heavy  freight  traffic. 

"The  effective  power  of  Consolidation  locomotives  is  50  per  cent  man 
than  the  ordinary  six-wheel  connected  freight  locomotive;  and  froa 
actual  service  I  find  that  the  locomotives  of  this  class  work  up  to  their 
power  fully  as  well  as,  in  fact  better  than,  the  six-wheel  connected  looono- 
tive.  Two  locomotives  of  the  Consolidation  class  will  do  the  same  work 
— haul  as  many  cars— as  three  of  the  six-wheel  connected  class;  and  ai 
three  of  the  latter  will  cost  $10,000  more  than  two  of  the  former,  there  it 
thus  a  saving  of  $10,000  in  the  original  outlay,  and  the  saving  of  wages oC 
the  crew  of  one  locomotive  (and  train)  daily  ;  and  with  a  properly  con- 
structed locomotive  of  the  Consolidation  class  the  running  repausfor 
tonnage  hauled  will  be  less  than  any  other  class  of  locomotives  —  *~ 
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use.  On  the  narrow-gauge  Denver  &  Rio  Grande  Railway,  which  has 
many  24°  and  30°  curves,  the  Consolidation  type  is  almost  exclusively 
used  for  freight  service,  the  wheel-base  being  only  a  little  shorter  than  is 
usual  for  standard  gauge,  or  in  the  proportion  of  about  12  to  15  feet." 

290.  The  preceding  facts,  taken  altogether,  seem  conclusive 
that  objections  to  the  usetof  any  reasonable  amount  or  radius  of 
curvature  whatsoever,  on  the  ground  that  it  will  be  peculiarly 
objectionable  for  the  heavier  types  of  locomotives,  finds  but  lit- 
tle warrant  in  fact.  Indeed,  it  is  noticeable  that  it  is  on  roads  of 
much  and  heavy  curvature  that  the  Consolidation  type  has  been 
most  readily  adopted  and  is  most  in  use. 

291f  We  have  now  discussed  all  the  indeterminate  and  imagin- 
ative (but  not  therefore  imaginary)  objections  to  curvature,  and 
found  that  while  all  of  them  have  a  foundation  in  fact,  and  may, 
be  at  times  of  great  importance,  yet  that  on  the  contrary  some 
of  them  are  always,  and  all  of  them  are  sometimes,  of  so  little 
moment  that  for  the  most  part  they  should  have  no  appreciable 
effect  on  the  decision  as  to  what  curvature  to  use.  We  will 
therefore  return  to  the  concrete  and  definite  objections  to  curva- 
ture, viz.,  its  direct  effect  upon  operating  expenses  and  on  length 
of  trains  (the  latter  considered  in  Chaps..  XVIII.  and  XIX.).  In 
order  to  discuss  these  intelligently  we  must  first  consider  the 
abstract  question  of  the  miechanical  laws  of  curve  resistance, 
from  mistaken  notions  as  to  which  much  that  is  mistaken  may 
arise  in  practice. 

THE  MECHANICS  OF  CURVE   RESISTANCE. 

292.  Curve  resistance  has  never  yet  been  exhaustively  investigated, 
and  our  knowledge  is  in  several  respects  deficient.  The  more  essential 
facts  are  now  tolerably  well  determined ;  but  simple  as  the  subject  ap- 
pears, the  mechanics  of  a  rollingtruck  on  a  curve  is— to  determine  it  cor- 
rectly— a  very  intricate  problem,  the  solution  of  which  we  must  attempt 
to  make  clear. 

293*  The  forces  arising  from  the  fact  of  curvature  are  of  three 
classes : 

I.  Fotce9  originating  in  and  confined  in  their  action  to  the  truck  itself, 
causing  the  slippage  of  the  wheel  on  the  rail  which  is  the  ultimate  source 
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of  all  curve  resistance.    The  following  two  classes  of  forces  can  only  act 
by  augmenting  or  diminishing  the  former : 

2.  Centrifugal  and  centripetal  force :  acting  upon  the  car  as  a  whole, 
and  communicated  to  the  truck  through  the  centre-pin  and  side-bearings. 

3.  A  force  due  to  obliquity  of  traction  originating  within  the  train  as  1 
whole  and  communicated  to  the  car-body,  and  thence  to  the  truck. 

We  will  consider  the  nature  and  action  of  these  forces  in  their  order: 
294i  The  position  assumed  by  any  rectangular  flanged  wheel-base  in 
,  passing  around  a  curve  is  shown  by  ob- 

servation and   experiment  to  be  that 
shown  in   Fig.  20.*    The  front  outer 
*««  wheel  crowds  hard  against  the  rail,  and 

..  '****»»^^      the   rear  axle   then   assumes  a  radial 

■|"| — —————.•-      position,  neither  flange  touching  the  rail 

unless  the  gauge  is  so  tight  or  the  wheel- 
base  so  long  as  to  bring  the  inner  rail 
up  to  the  flange  rather  than  the  flange 
to  the  rail.    Fig.  20  shows  the  position 

^^  **•  of    STABLE    EQUILIBRIUM    tO    which.  if 

any  force  disturb  the  position  of  the  wheels  for  a  moment,  they  promptly 
return.  Therefore,  if  any  force  is  to  permanently  change  their  position 
it  must  be  sufRcient  to  slide  them  laterally  on  the  track.  Otherwise  it 
will  not  produce  motion  at  all.  To  slide  the  wheels,  as  to  lift  a  weight* 
the  TiiW  o^  ^"  \v\^  requires  as  great  a  static  force  in  pounds  as  to  slide 
it  a  foot  or  a  mile.  The  power  consumed  varies  with  the  distance 
moved,  but  the  force  required  to  produce  motion  at  all  does  not  vary. 

This  position  is  likewise  shown  by  experiment  to  be  assumed  just  the 
same,  however  great  or  little  the  superelevation.  This  fact  may  be  ob- 
served by  watching  the  motion  of  cars  around  the  first  sharp  curve  in  any 
yard. 

295.  The  writer  constructed  some  heavy  models  with  both  cylindrical  and 
sharply  coned  wheels,  the  wheel-base  being  capable  of  increase  or  decrease  at  plea- 
sure, and  the  gauge  and  radius  being  likewise  adjustable  by  moving  the  rails.  The 
flanges,  however,  were  made  almost  vertical,  and  with  a  sharp  interior  fillet,  io 
order  to  give  an  exact  point  to  measure  from.     He  found  that  coning  did  not 

*  The  writer  believes  he  was  the  first  to  observe  this  fact,  and  determine  it 
experimentally.  The  general  fact  that  the  rear  flanges  stand  away  from  both 
rails  he  has  since  found  had  been  previously  observed  by  a  number  of  individ* 
uals,  but  even  that  is  not  generally  known  to  this  day. 
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B  tbc  sligbtesi  influence  on   the  position  uiumed  bj  the  wheel-bue, 
whicl)  wu  invariabi/  that  suted.   th«   front 
oater  wheel  being  alwaji  in  contact  with  the 
mil  at  t,  Figt.  30  to  33,  and   [he  rear  outer 
wheel  stAnding  awaj  from  the  rail  b;  a  distance 
a,  which,  so  far  as  the  writer  could  determiae 
It.  was  always  precisely  equal  to  the  vtrseJsine 
tfa  tliard  tf  t^Ue  iJu  /eng/A  0/  lAc  wirrUasc 
(see   Fig.    ao).   indicating  that   ihc  rear  axle   | 
was   always  radial.       In   only   one  case 
this  (ijl,— in  that  outlined  to  Figs.  11  to  33,—  1 
and  then  only  because  it  was  impossible  for 
tbe  wheels  to  assume  it.     If  tlie  gauge  was 
light,  the  wheel-base  so  long,  or  the  curve  so  '^"^-  "• 

sharp  {or  any  two  or  three  of  these  together)  that  the  distance  a  by  which  the 
rear  wheels  naturally  tended  lo  stand  away  from  tbe  outside  rail  was  greater 
than  the  pUy  of  the  gauge,  then  the  rear  axle  simply  moved  over  until  it  pressed 
against  the  inner  rail,  as  shown  in  Fig,  21. 


3M.  Wiib  European  rolling-stock,  having  n 
prevails,     so     that 
their    rails     wear  ,  / 
quite  differently  on 


trucic,  this  condition  usually 


v^ 


both  inner  and  out- 
er rail  being  ground 
bf  the  flange*.  On 
tbisacconntitisfre- 
qtiently  laid  down 
in  European  text- 
books that  the  posi- 
tion outlined  lo  Fig.  3>  is  the  normal  one  for  any  wheel-base  in  curves,  but 
this  error  arises  from  insufficient  investigation,  and  is  disproved  by  American 
experience  as  well  as  experiment. 

When  the  inner  rail  was  entirely  removed,  so  that  the  inner  wheels  ran  on 
their  flanges,  the  position  and  path  of  the  wheels  was  in  no  nay  affected,  show- 
ing thai  the  inner  rait  performs  no  necessary  function  in  guiding  the  trucks, 
bat  merely  supports  the  wheels. 

397<  These  facts  disprove  the  old  hypothesisthat  coning  would  enable 
the  wheels  to  adapt  themselves  to  the  unequal  length  of  inner  and  outer 
rail,  and  maintain  a  radial  position.  They  can  only  do  so  when  the  axles 
ittdividually  are  free  to  assume  a  radial  position.  Moreover,  owing 
partly  to  this  fact,  and  partly  to  the  effca  of  the  ordinary  wear  on  tan- 


! 


1  *^« 
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gents,  the  tread  wears  down  near  the  flange  very  rapidly,  and  such  coo- 
ing as  there  may  be  scx>n  disappears.  We  may  therefore  neglect  it  her^ 
after,  and  assume  the  wheels  to  be  cylindrical.  The  coning  now  put  in 
wheels  is  chiefly  useful  as  a  prospective  provision  for  wear;  and  experi- 
ment shows  that  whether  the  wheels  be  coned  or  not,  the  tendency  of 
any  rectangular  wheel-base  is  to  roll  very  nearly  in  a  straight  line. 

298f  As  we  have  seen  that  the  rear  axle  is  ^ways  radial  to  the  curve, 
the  front  axle.  Figs.  20  to  23,  stands  at  an  angle  A^  Fig.  23,  to  the  rail 
equal  to  the  arc  subtended  by  the  length  of  the  wheel-base,  I.    With 

a  5 -ft.  wheel-base  (the  usual  length  for 
freight  trucks)  this  angle  would  be.  on  a  i' 
curve,  .05**  or  3',  and  proportionately  on 
other  curves;  with  a  12-ft.  wheel-base  the 
angle  is  0.12°  =  7. 2^  The  distance  by 
—————  which  the  rear  outer  wheel.  Figs.  20  to  23, 
^'^  stands  at  a  distance  from  the  outer  rail 

(being  equal  to  the  versed   sine  of   the 

arc  subtended  by  /)  is  readily  determined 
to  be,  from  what  has  preceded. 

For  a  $-ft.  wheel-base,  .0022  foot  per  d^^ree  of  curvature. 
For  a  12-ft.  wheel-base,  oiox27  foot  per  dq^ree  of  curvature. 


299.  The  gauge  of  a  road  is  the  exact  distance  between  inside  of  rails 
and  the  gauge  of  the  wheels  is  usually  set  so  as  to  allow  a  normal  play  of 
from  t  to  )  inch,  averaging  about  \  inch  or  .04  feet.    The  rear  inner 
wheel,  then,  of  a  5-ft.  wheel-base  will  be  close  against  the  inner  rail  on  a 

-^^  =  17**  curve  +.  and  a  12-ft.  wheel-base  on  a  '^  ar  3^ curve  +. 
.0022  .0127 

In  watching  ordinary  cars  pass  around  a  curve,  however,  there  will  be  con- 
siderable fluctuations  in  the  position  of  the  rail  owing  to  irregularities  of 
both  curve  and  truck. 

300.  The  slipping  of  wheel  on  rail  on  a  curve  arises  from  two  causes: 
First.  Longitudinal  slipping,  due  to  the  difference  in  length  of  inner 

and  outer  rail.  This  difference  oti  any  given  curve,  or  part  of  a  curve,  is 
equal  to  an  arc  of  a  radius  equal  to  the  gauge,  and  the  same  number  of 

degrees  long;  i.e.,  it  is,  on  any  given  distance  d^       d  x^  or^  mi  t 
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I    curve  and  standard  gauge,  d  x  -^  =  .00082^/.    On  any  other  U"  curve 

5730 
it  will  be  o^oixAidD, 

Secondly.  Lateral  slipping.    The  front  wheel,  as  we  have  seen,  stands 
at  an  angle  A^  Fig.  23  or  a.  Fig.  24,  to  the  rail.    In  rolling  through  an 


n 


Fi&  S4. 


infinitesimal  distance  d,  therefore,  the  wheel,  since  it  tends  of  itself  to 
roll  straight  forward  in  the  direction  PA  must  be  slidden  laterally 
through  a  distance  AA*  =  d  sin  a. 

For  a  5-ft.  truck  on  a  i"  curve AA  =  d  sin  3'  =  jooc^jd. 

For  a  i2-ft.  truck  on  a  1°  curve AA'  =  d  sin  7.2'  =  .0021^. 

This  lateral  slipping  takes  place  only  on  the  front  axle,  since  the  rear 
axle,  as  we  have  seen,  is  and  maintains  itself  radial  to  the  curve. 

301t  On  the  front  axle  both  lateral  and  longitudinal  slipping  is  taking 
place  simultaneously  and  continuously,  and  the  question  then  arises  how 
the  longitudinal  slipping  is  divided — whether  the  outer  wheel  slips  for- 
ward or  the  rear  wheel  backward,  or  the  total  amount  is  divided  between 
the  two.  A  single  experiment  as  to  this  point,  as  careful  as  its  delicate 
nature  would  permit  with  ordinary  rolling-stock,  was  once  made  on  the 
••  Horse-shoe  curve"  of  the  Pennsylvania  Railroad,  with  the  conclusion 
that  both  wheels  slipped ;  but  it  is  impossible  that  this  condition  obtains 
generally  and  continuously,  since  that  wheel  will  slip  which  can  slip 
easiest,  and  the  slightest  variation  in  either  the  load  or  the  coefficient  of 
friction  will  give  one  wheel  or  the  other  an  advantage  in  this  respect. 
Either  the  superelevation  or  the  centrifugal  force  is  alone  competent  to 
produce  enough  inequality  of  load  to  effect  this,  for  one  or  the  other 
must  alwa3rs  be  in  excess,  unless  by  accident.  And  furthermore,  if  one 
wheel  should  begin  to  slip  first,  it  would  certainly  continue  to  do  so,  for 
the  same  reason  that  when  a  locomotive  driver  begins  to  slip,  its  ratio  of 
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Adhesion  Ci-c>>  coefficient  o[  friction)  is  heavily  reduced.  It  may  then- 
fore  be  considered  as  certain  that  all  longitudinal 
slip  in  every  case,  unless  by  accident,  is  confined 
to  either  the  inner  or  outer  wheel  exclusively; 
although  it  may  not  be  the  same  wheel  for  anjr 
two  successive  axles,  nor  for  any  two  consecutive 
moments. 

302.  Admitting  this  to  be  true,  the  truck  in 
rolling  on  a  curve  is  rotating  about  some  one 
wheel,  <4,  as  a  centre,  as  shown  in  Fig.  35  ;  and 
we  have  the  following  condition  of  things  id. 
say,  a  j-foot  truck  rolling  around  a  curve : 
Pio.  ,j.  (i)  One  rear  wheel,  A.  is  not  slipping  at  all  in 

either  direction. 

(1)  One  rear  wheel  is  slipping  longitudinally  at  the  rate  of  xad&idD 

(in  a  i3-ft.  truck  also,  txx&idD). 

(3)  One  front  wheel  'ii  ^ppLng  laterally  at  the  rate  of  oad^jdD  (li- 
ft, truck,  .<xn.\dD). 

(4)  One  front  wheel  is  slipping  both  laterally  and  lon^tudinallyU 
the  same  rates  as  in  the  above,  giving  a  combined  rate  of 


V.oooSi'  +-00087'  ^^- 
Table  109  gives  the  summary  of  the  slipping  thus  indicated. 
Table  109. 
ToTAi.  Slipping  o 


,.Fr.T«vcK 

,Wh„l.. 

ij-Ft.  Trnic 

:4Wm.«ij. 

.- 

J° 

.=" 

m" 

." 

s- 

lo- 

K,' 

t 

'^1 

D.Sl 

=  .'87 

^6, 

!«I 

>u 

.36 

:n 

•'-'  ;;::i:li:: 

»h«i.^.,-  -.°. 

.,^    .  ,,0 

,,« 

;.a= 

••» 

,.,B 

■O-B 

Average  jwrwh«l 

,<,-,'         3^3 

-73 

.« 

"■■3 

0.65 

■5= 

,.ta 

303i  The  formula  (4}  requires  explanation ;    Since  the  wheel  is  slip-  J 
ping  in  two  directions  at  right  angles  to  each  other,  it  will  at  each  insUat 
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of  time,  while  advancing  over  an  infinitesimal  distance,  d.  Fig.  25,  slip 

longitudinally  in  the  direction  a,  and  laterally  in  the  direction  /.    The 

true  direction  and  amount  of  slip-  ^ 

ping  will  therefore  be — neither  a^ 

Tior  /.  nor  both  t(^ether — but  along 

the  diagonal  d.     Figs.  26  and  27 

represent  to  scale  the  actual  con-  B 


B, 00087    C 

Fio.  a?.— 5-Ft.  Truck. 


,002£0 
ditions.  Fig.  s6.— xa-rr.  ntucic. 

This    is    merelv    followinc'   the      Amount  and  constituent  elemenu  of  the  slip  of 
inis    is    merely   louowmg   «^nc  the  wheel  y<.  Fig.  as,  in  passing  over  »  distance/ 

fundamental  law  of  the  composi-  on  a  x*  curve. 

tioi  of  velocities,  which  is  the  same  in  its  nature  as  the  composition  of 
forces.  It  has  been  carelessly  assumed  at  times  that  a  total  sliding  of 
the  wheels  represented  by  the  sum  of  the  two  sides  a  and  /  rather  than 
by  the  bypothenuse  d,  measures  the  distance  through  which  the  wheel 
slides,  and  the  consequent  loss  of  foot-pounds  of  energy,  but  this  is  palp- 
ably erroneous. 

304.  It  will  be  observed  that  according  to  Table  109  the  wear  due  to 
curvature  on  the  front  wheels  is  more  than  double  (4.16  to  1.64)  that  on 
the  back  axles.  Any  check  upon  this  from  observed  wear  of  car  wheels 
is  in  the  nature  of  things  impossible  from  the  fact  that  the  direction  of 
motion  of  the  car  is  reversed  with  every  trip.  With  engine  and  tender 
trucks,  however,  this  is  not  the  case.  Statistics  of  this  kind  likewise  are 
very  difficult  to  obtain ;  and  the  following  little  table  (Table  no),  embrac- 
ing observations  on  the  Camden  &  Atlantic  Railroad,  is  all  of  the  kind 
which  the  author  has  ever  been  able  to  discover.  This,  however,  appears 
as  far  as  it  goes  to  strikingly  confirm  the  theory  advanced.  It  is  to  be 
observed  that  the  wear  of  tender-truck  wheels  is  1 1.2  per  cent  greater  on 
the  front  than  on  the  back  axle,  and  the  wear  of  the  engine  truck-wheels 
37.6  per  cent  greater.  In  considering  these  figures  it  is  to  be  remem- 
bered: 

1.  The  Camden  &  Atlantic  has  very  little  curvature. 

2.  Curvature  is  only  one  cause  for  wheel  wear,  the  others  being  use  of 
brakes  and  sand,  original  defects  and  regular  running  wear  on  tangents. 
which  would  be,  if  not  substantially  equal  for  both  axles,  much  more 
nearly  equal  than  that  from  curvature. 

The  average  might  be  and  probably  is  somewhat  affected  by  a  ten- 
dency— especially  on  a  small  road  where  the  engines  were  well  known — to 
condemn  two  wheels  at  once  which  had  been  running  the  same  time,  al- 
though there  might  really  be  not  a  little  difference  in  their  wear.  The 
great  excess  in  the  difference  in  wear  in  the  engine  trucks  is  notable. 
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Table  110. 

Wear  of  Leading  and  Trailing  Wheels  of  Locomotive  and  Texdei 
Trucks  on  the  Camden  &  Atlantic  Railroad. 

[Compiled  from  Report  to  Am.  Ry.  M.  M.  Assoc,  oo  Loc  Wheels  and  Axles  (Rep.  1878,  p.  33), 

by  Rufus  Hill,  M.  M.] 

Engine  Trucks. 


Size. 

No.  of 
Pairs. 

MlLKAGB. 

Relative 

Life  of 

Wheels  00 

Front  Axle. 

BM:kAxle 

=  I.O. 

Remarks. 

Lead. 

TraU. 

28  in. 
26  " 

8  each. 

•  4 

28.998 
15,461 

43.024 
27,008 

.674 
•573 

Av.  all  eng.  wheels, 

28,623. 
Av.  all  tender  wheels, 

26,821. 

Average. 

22,230 

35.016 

.624 

Tender  Trucks. 

30  in. 
II 

28  in. 
1 1 

10  each. 

i( 

II 

1 1 

27.897 
29,249 

23,419 
20,365 

31.997 
32,736 
23.560 

25,346 

.87 
.894 

•994 
.803 

Front  truck. 
Back  truck. 
Front  truck. 
Back  truck. 

25.232 

28,410 

.888 

The  table  is  stated  to  have  been  made  up  from  records  of  condemned  wheels  only,  so 
it  does  not  ^ve  a  fair  idea  of  the  average  mileage  of  all  wheels. 

305.  It  does  not  follow  that  the  total  slippage,  and  hence  total  curve 
resistance,  of  a  six-wheel  truck  would  follow  exactly  the  same  law  as  that 
of  a  four-wheel  truck  of  the  same  length  of  wheel-base  and  carrying  the 
same  load ;  but  it  is  useless  to  consider  that  question  for  lack  of  positive 
knowledge  as  to  the  position  naturally  assumed  by  a  six-wheel  truck.  It 
is  probably  the  same  as  if  the  middle  pair  were  omitted,  but  there  is  no 
evidence  of  that  fact. 

306.  Although  we  have  seen  that  coning,  however  much  or  little 
there  may  be.  has  no  influence  whatever  in  practice  upon  the  position 
assumed  by  the  truck,  yet  if  any  coning  exists  it  will  certainly  modify  the 
AMOUNT  of  slipping,  and  hence  the  resistance.  To  consider  how  much 
it  will  or  may  modify  it.  however,  would  lead  us  into  hopeless  and  profit- 
less intricacy,  because  there  must  be  slippage  under  any  circumstances 
with  a  rectangular  wheel-base,  which  will  speedily  wear  away  the  coning 
on  the  working  part  of  the  tread. 
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It  is  probable,  however,  that  the  effect  of  the  coning  while  it  exists  is 
either  nil  or  positively  injurious,  taking  front  and  rear  axle  together,  for 
the  reason  that  the  position  assumed  by  the  wheels  bears  no  relation  to 
that  required  by  the  coning  and,  especially  on  the  front  outer  wheel,  is 
liable  to  increase  its  diameter  unduly: 

307.  So  far,  there  is  as  little  reason  to  doubt  our  correctness  as  can 
be  expected  in  any  subject  which  has  not  been  exhaustively  and  thor- 
oughly investigated  experimentally;  and  frictional  slippage  which  has 
been  estimated  includes  all  that  takes  place  between  rail  and  wheel  ex- 
cept (I)  that  due  to  flange  friction  and  (2)  the  possible  action  of  other 
forces  communicated  to  the  truck. 

308.  To  determine  the  resistance  arising  from  the  slippage  estimated, 
the  very  delicate  question  arises  of  what  is  the  coeflScient  of  sliding  fric- 
tion under  such  circumstances. 

The  primary  fact  to  be  remembered  in  estimating  this  is  that  the  ve- 
locity of  the  sliding  surfaces  on  each  other  is  very  small,  as  shown  more 
fully  in  the  following  Table  iii,  computed  directly  from  the  preceding 

Table  ill. 

Velocity  in  Feet  Per  Second  with  which  the  Wheel  slides  on  the 

Rail  on  Various  Curves. 


Velocity  or 

Sliding 

;   Fket  Per  Second. 

Velocity  of  Train. 

5-Foot  Truck. 

1 2- Foot  Truck. 

X* 

5' 

10° 

ao° 

x» 

5* 

IO«> 

30» 

10  miles  per  hour. .  •< 

.012 

to 
.018 

.06 

to 

.09 

.12 

to 

.18 

.24 
to 

.36 

.0X2 

to 

.034 

.06 

to 

.17 

.12 

to 
■34 

.24 

to 
.68 

30  miles  per  hour. .  \ 

.036 
to 

•054 

.18 

to 

.27 

.36 

to 

•72 
to 

1.08 

.036 

to 
.102 

.18 

to 

.51 

.36 
to 
1.02 

•72 
to 
2.04 

Table  109,  by  assuming  that  10  miles  per  hour  =  15  (instead  of  14.67)  feet 
per  second. 

Our  knowledge  of  the  coefficient  of  sliding  friction  at  these  extremely 
fow  velocities  may  be  summarized  as  follows : 

1.  It  is  materially  greater  than  at  ordinary  and  perceptible  velocities, 

2.  It  is  very  greatly  more  sensitive  to  minute  changes  of  velocity  than 
at  ordinary  and  perceptible  velocities. 

3.  Its  maximum  at  a  velocity  of  0+  is  somethmg  over  \  with  loco- 
motives and  perhaps  \  with  car  wheels  as  ord  manly  loaaed. 

19 
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These  laws  were  most  authoritatively  dctcnairicc  a.->i  n/isc  re 
pletcly  illustrated  by  the  famous  brake  experiiacsts  of  Care  Zyi^'ji 
Gahon  and  Mr.  George  Westinghousc,  the  general  rcssjzs  c:'  t^j^  2:? 
emb^'^died   in  Tables  112  and  113.     We  shall  have  oocasicc  zz  tssz  i} 

Table  112. 


Coefficients  of  Friction  between  Cast-iron 

TIRED  Wheels. 


-SHOES    A^n    M 


[Determined  by  Experimentf  of  Capt.  Douglas  Galtoo  and  Geo. 

TraDS.  Inst.  M.  E.,  1878.] 


VKi/irnv. 

MllBS    PhK    IIOVH. 


O  +  to  I  or  2 

I3i 

17 
20^ 

27 

30i 

34 

37i 

41 

4S 

54 


COBFFICIEKTS  OF   F«ICT10K. 


At  First. 


.250 
.242 
.213 
.205 
.182 
.171 
.163 

■153 
.152 
.144 

.132 
.106 
.072 


After  5  Sec.    After  zo  Sec;  After  15  Sec  Afsrx  Sec 


.193 
.157 
.152 
.130 
.107 

.096 

•093 
.080 

.063 


.110 

.133 

.116 

.119 

.081 

.099 

.083 

.069 

.070 

.045 

.058 

.099 

.072 


Whilf  tlu'st'  rt'sulls  are  unquestionably  more  nearly  correct  than  any  other  existiag 
cviilencf,  iIuto  is  cDnsiilorable  room  for  doubt  as  to  the  exact  values  given. 

Table  113. 

CoKKKiriENTS  OF    FRICTION   OF   SKIDDED   WHEELS, 
[As  determined  in  the  Galton-Westinghouse  Experiments.    See  Table  xxa.] 


1 


COBFFICIKNT  OF   FWCTION. 


Vkukity, 


MiiK.s  Pfk  Hoi'R.    Steel  Tire  on 

Steel  Rail. 


4 

.>4 
41 
52 

54 


.oSS 
.072 
.070 
.065 

.057 
.CV40 

.03S 


Steel  Tire  on 
Iron  RaiL 


.247 
.095 

.073 


.070 
.060 


'  %  •  •   • 


."vcjis  01  tun^c  tests  caly. 


'.  / 


CHAP.  VIII.^MECHANJCS  Or  CURVE  RESISTANCE.      29 1 


these  experiments  frequently.    Many  independent  experiments  confirm 
their  essential  trutCi. 

309.  Assuming  \  as  the  coefficient,  the  resistance  of  the  wheels,  if  slid 
through  all  the  distance  that  they  are  advanced  along  the  track,  would  be 
in  lbs.  per  ton, 

2000  X.  J  =  500  lbs. 

As,  however,  on  a  i^  curve,  they  only  slide  through  an  ^average  of 
jOoo73of  that  distance,  the  resistance  arising  from  surface  friction^ only 
between  rail  and  wheel  would  be^  =  2000  x  \  yi.joooiT^  =^.365  lb. 

This  isthe  curve  resistance  (except  for  error  in  the^  coefficient)  *t!isit 
can  be  accounted  for  at  slow  velocities,  excluding  flange  friction  and  the 
effect  of  shocks  and  irregularities.  From  the  general  laws  of  friction 
summarized  above.it  would  seem'probable  that  both' the  surface  and 
flange  friction  would  decrease  with  either  (i)"**  increase  of  velocity  or  (2) 
decrease  of  radius,  which  has  the  same  effect  to  increase  the  velocity  of 
sliding,  at  any  given  speed. 

In  Appendix  A  will  be  seen  experimental  evidence  tending  to  support 
the  first  of  these  conclusions,  and  by  inference  the  second  also. 

310.  A  third  theoretical  cause  of  surface  friction  has-been  suggested,  viz. : 
Rotative  friction  of  the  wheel  on  the  rail,  due  to  the  fact 
that  it  not  only  slides  but  revolves,  but  its  existence  can- 

not  be  conceded. 

It  is  true,  as  claimed,  that  the  actual  contact  is  by  a 
surface  and  not  a  theoretical  point  or  line;  but  although  the 
wheel,  in  moving  through  an  infinitesimal  disunce  AB, 
Fig.  28.  is  actually  rotated,  yet  as  this  ukes  place  simul- 
taneously with  the  other  sliding  its' effect  is  simply  to  de-  Fic.  iS. 
crease  the  velocity  on  one  side  of  the  center  of  contact  by  as  much  as  it  in- 
creases it  on  the  other  side. 

31^  Flange  Friction.— We  have  seen  that,  at  each  instantjaf  time, 
the  truck  routes  through  a  minute  angle,  turning  as  it  were *on  one  or 
the  other>of. its.  rear  wheels,  .r^.  Fig.  25.  as  a  pivot;  the  other  three  wheels 
sliding  on  the  surface  of  the  rail  in  the  direction  indicated  by  the  dotted 
lines.  The  force  which  causes  this  rotation— the  only  force  which  exists 
to  do  SQr-is  the  reaction  or  pressure  of  the  rait  against  the  flange  of  the 

front  outer  wheel. 

It  necessarily  follows  from  this  fact  that,  assuming  that  the  coefficient 
of  friction  IS  not  affected  by  the  velocity  of  sliding,  this  pressure  or  reac- 
tion is  always  the  same  on  curves.    For,  however  easy  the  curve,  a 


"-^ 


jKik. 
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minuU  sliding  motion  is  continuously  taking  place  caused  by  the  reac- 
tion of  the  flange  ;  and  the  static  force  or  pressure  required  to  slide  one 
body  on  another  through  an  fnfinitcsimal  distance  is  sufficient,  ij  con- 
tinuously applied,  to  slide  it  through  any  distance  whatsoever.  The 
POWER  CONSUMED  varies  with  the  d^pree  of  curvature,  because  poweror 
energy  of  any  kind  is  measurable  only  by  a  double  unit,  the  force  applied 
X  the  distance  through  which  it  acts.  The  latter  |,the  distance),  we  have 
already  seen,  varies  with  the  degree  of  curvature,  and  hence  the  power 
consumed  does  also  ;  but  the  STATIC  FORCB  applied  does  not  vary  with 
the  degree  of  curvature, 

This  very  important  distinction  is  one  which  should 
be  clearly  comprehended  and  kept  in  mind.  A  very  mis- 
taken idea  is  too  prevalent  that  the  flange  pressure  as  well 
as  curve  resistance  increases  with  the  degree  of  cun-a- 


\^ 


■M 


tCri^^iy''^        *"  apparent  contradiction  to  this 

^^  __         well-known  excess  of  flange  wear  on  sharp 


i  tbe 


this    is  rather  a    confirmation.     The    greater 
elidden  through  produces  the  greater  wear,  not  greater  pressure. 

312.  The  front  outer  wheel  alone  has  its  flange  normally  in  contact  with 
the  rail.  The  forces  acting  upon 
the  front  outer  wheel  are.  fint, 
the  load,  L,  Fig.  29.  resting  upon 
it,  acting  vertically  downward ; 
secondly,  a  horizontal  pressure 
^  against theraiUuthcienttoslide 
:  three  wheels  (see  Fig.  25,  page 
386),  each  loaded  with  Z. 

Assuming  a  coefficient  of 
slidmg  friction  of  0.35,  this  late- 
ral force  amounts  to  0.75  L.  and 
the  resultant  in  magnitude  and 
direction  of  these  two  forces  ia 
shown  in  Fig.  39. 

313.  The    manner  in  which 
Fio.  JO.  t*"*  various  forces  thus  meas- 

ured will  aa  is  not  doubtful 
in  theory,  and  we  have  their  footprints  on  the  rails  themselves  to  assure 
us  that  theory  and  practice  correspond.  Instead  of  the  pressure  on  the 
rail  being  vertical,  as  in  Fie.  30.  <ve  have  the  conditions  and  the  relative 
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position  of  rail  and  wheel  shown  in  Fig.  31.  Figs.  3a  to  41  give  a  seriei 
of  rail  sections  selected  from  a  great  number  taken  by  the  writer  on  the 
Atlantic  &  Great  Western  (now  New  York,  Pennsylvania  4  Ohio)  Rail- 
road, showing  the  wear  which  actually  results  from  the  conditions 
watched.  They  were  exact  copies  originally,  to  full  scale,  and  are  nor 
reduced  one  half. 

Fig.  30  is  a  half-scale  section  of  a  new  flange  and  rail  section  of  ordi- 
nary form  (they  vary  somewhat  in  outline,  but  that  is  unimportant)  in 
their  natural  relative  position  on  a  tangent.  Fig.  31  shows  the  same  ner 
flange  and  rail  section  in 
i-J^^fy'L-J  .  their  natural  relative  posi- 

tion ON  ANV  CURVE  WHAT- 

BVEB,  however  sharp  or  SaL 


The  tread  stands  entirely  free  of  the  top  of  the  rail,  the  surfaces  in  con- 
tact being  neither  the  horiicontal  tread  nor  the  vertical  flange,  but  the 
curved  surfaces  which  are  perpendicular  to  the  resultant  shown  In  Figs. 
29  and  31.  To  understand  this,  let  the  reader  turn  Fig.  31  around  diag- 
onally until  the  riiagoual  stands  in  a  vertical  position,  and  let  him  con- 
rfivc  it  to  represent  the  \'ertical  force  of  gravity  alone.  He  will  see  that 
the  wheel  wnnld  naturally  take  this  position — as  naturally  as  a  wheel 
sh;iped  like  Fig.  42  rolls  on  the  central  curved  surface  instead  of  the 

314.  The  consequences  of  this  condition  of  things  are  these: 

Fir'^t.  The  disproportion  in  the  diameter  of  the  wheels;  hence  the 

neeessrirv  loni^'itndimtl  slipping,  and  hence  the  curve  resistance,  is  materi- 

iillv  inrrcased.      If  tlie  increase  nf  radius  of  wheel  be  -A  '"ch,  the  extra 

distance  slipped  through  per  station  of  100  feet  by  one  wheel  will  be  1.16 


■'% 
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feet ;  which,  by  referring  to  Table  109  on  page  286,  will  be  seen  to  be  as 
much  as  occurs  on  the  surface  of  the  rail  on  a  4*"  curve.  This  increase, 
it  follows  from  what  has  preceded,  is  constant  for  all  curves,  and  thus 
tends  to  disproportionately  increase  the  resistance  of  easy  curves.  But 
precisely  how  much  the  resistance  thus  arising  may  be  with  new  wheels, 
it  is  profitless  to  inquire,  because. 

Secondly,  The  inner  angle  of  the  wheel  and  the  outer  corner  of  the 
rail  is  gradu^ly  worn  away,  the  greatest  wear  being  always  on  the  corner 
of  the  outside  rail  and  in  the  direction  of  the  resultant  (see  Figs.  32  to 
41),  on  curves  of  all  radii. 

The  rapidity  of  wear  depends,  not  upon  the  pressure,  which  is  con- 
stant on  all  curves,  nor  (to  any  marked  extent)  upon  the  angle  of  wheel 
to  rail,  but  upon  the  amount  of  sliding  which  takes  place^or,  in  other 
words,  varies  directly  as  the  degree  of  curvature. 

315.  Finally,  from  the  effect  of  these  causes  we  have  a  still  further 
change  of  conditions,  viz.: 

Thirdly.  As  the  wear  proceeds,  the  surfaces  in  contact  become  larger 
and  larger,  and  this  introduces  a  further  source  of  slippage,  rail  wear  and 
curve  resistance,  the  ultimate  form  of  which  is  shown  in  Fig.  41.  That 
particular  section  was  taken  from  a  16**  curve;  but  the  outer  rail  on  all 
curves,  of  however  long  radius,  tends  to  take  precisely  the  same  form  in 
the  end.  Thus  in  some  similar  sections  to  those  shown  in  Figs.  32  to  41, 
on  the  Pennsylvania  Railroad,  rails  from  4**  curves  after  sustaining  nearly 
four  times  the  tonnage  of  the  rails  shown  in  Fig.  34,  were  in  even  worse 
condition  than  the  rail  from  a  16**  curve  shown  in  Fig.  41. 

In  a  rail  worn  like  Fig.  41.  the  true  bearing  surface  on  which  the 
wheel  rolls  (compare  Fig.  31)  is  directly  on  the  corner,  and  the  rubbing 
surfaces  above  and  below  are  revolving  in  a  circle  of  nearly  -J-inch  longer 
radius,  the  average  of  the  whole  surface  being  nearly  if  not  quite  \  inch. 

It  necessarily  results  from  this,  that  while  the  wheel  is  rolling  through 

any  distance  its  surfaces  slip  on  the  rail  through  --—  or  ^  of  that  dis- 
unce;  =:  1.51  feet  in  100. 

316.  The  coefficient  of  friction,  moreover  (as  well  as  rail  wear),  with 
such  large  surfaces  in  contact,  is  probably  considerably  larger  than  when 
the  bearing  is  on  a  mere  point,  as  in  the  unworn  rail.  Fig.  31 ;  for  the 
formerly  accepted  "law"  that  friction  is  independent  of  the  areas  in  con- 
tact has  been  proven  untrue  for  lubricated  and  still  more  for  unlubri- 
cated  surfaces,  as  was  found  out  practically  long  since  with  brake-shoes. 
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The  information  on  friction  laid  down  in  most  of  the  standard  text-books 
is  very  deceptive. 

317.  This  third  source  of  extra  resistance*  due  to  badly  worn  rails,  is 
reached  in  a  much  shorter  time  on  sharp  curves,  and  as  a  rule  exists  only 
on  them  ;  but  nevertheless,  when  it  exists,  the  amount  of  the  extra  re- 
sistance caused  thereby  is  independent  of  the  radius.  If  rails  be  equally 
worn  it  will  amount  to  substantially  the  same  on  all  curves. 

When  the  wear  has  become  so  great  that  the  rail  has  the  form  of  Fig. 
41,  so  that  the  flange  bears  against  the  rail  almost  down  to  its  point,  the 
wear,  and  resistance  as  well,  is  doubtless  very  much  increased.  In  a  lot 
of  rails  which  have  been  all  exposed  to  substantially  the  same  tonnage, 
like  those  in  Figs.  32  to  41,  this  condition  will  be  likely  to  exist  only  on 
the  sharpest  curves,  and  accordingly  the  apparent  indications  of  a  test  of 
such  rails  will  be  that  rail  wear  increases  very  much  more  rapidly  than 
the  degree  of  curvature — in  fact  nearly  as  the  square  of  the  d^;ree  of 
curvature. 

The  writer  himself  reached  this  conclusion,  from  the  only  facts  then 
before  him,  in  his  report  on  these  observations. 

318.  But  if,  on  the  contrary,  we  investigate  the  tormage  necessary  to 
produce  the  same  wear  of  rails  on  different  curves,  we  shall  find  it  to  be 
almost  directly  as  the  degree  of  curvature,  and  this  is  undoubtedly  the 
true  law  of  rail  wear ;  from  which  it  follows  that  the  rate  of  wear  on 
any  one  curve  increases  as  the  rails  become  more  worn,  and  this  pro- 
duces the  deceptive  appearance  of  a  rate  of  wear  varying  as  some  function 
of  the  square  of  the  degree  of  curvature. 

319.  As  to  the  wear  on  the  inner  rail,  it  is  apparent  that  the  effect  of 
the  flange  pressure  (see  Fig.  29,  page  292)  is  to  increase  by  about  one 
third  the  load  resting  on  the  front  outer  wheel.  Wc  might  accordingly 
expect  that  all  the  longitudinal  slipping  would  be  confined  to  the  inner 
wheel  which  runs  (see  Figs.  20  to  23)  with  its  flange  entirely  clear  of  the 
rail.  From  this  we  might  expect  (i)  that  the  wear  of  the  inner  rail  would 
be  wholly  on  top,  and  (2)  that  it  would  be  more  rapid  than  the  outer  rail's. 
This  is  always  found  to  be  the  case,  as  will  be  evident  from  Figs.  32  to  41. 
The  excess  of  top  wear  on  the  inner  rail  would  undoubtedly  be  much 
more  disproportionate  than  it  is  except  for  this  fact: 

The  bulk  of  tonnage  is  slow  traffic,  and  in  such  cases  the  excess  of  the 
suf>erelcvation  over  the  very  small  amount  required  to  balance  the 
centrifugal  force  {\  inch  per  degree  at  15  miles  i)er  hour;  see  page  298) 
produces  a  sli<^ht  excess  of  load  on  the  inner  wheels;  not  sufficient  to 
counterbalance  the  cflect  of  the  flange  pressure  on  the  front  axle,  but 
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dimply  sufficient  to  cause  the  rear  axle,  both  flanges  of  which  stand  clear 
of  the  rail,  to  slip  entirely  on  the  outer  rail  on  slow  trains,  as  being  the 
point  of  least  resistance. 

320.  We  thus  have  this  condition : 

(i>  The  front  outer  wheel  produces  all  the  flange  wear  and  little  or 
none  of  the  top  wear, 

(3)  The  front  inner  wheel  produces  nearly  all  the  wear  on  inner  rail 
—confined  entirely  to  top  of  rail. 

(3)  The  rear  outer  wheel  of  slow  trains  produces  nearly  all  the  top 
-wear  on  outer  rail. 

(4)  The  rear  inner  wheel  produces  only  the  normal  tangent  wear. 

321.  As  respects  the  aggregate  amount  of  curve  resistance :  From  all 
these  data  tc^ether  we  may  expect  it  to  be — 

(1)  0.37  lb.  per  ton  per  degree  of  curvature  as  a  minimum,  varying 
directly  with  the  curvature,  plus — 

(2)  Upwards  of  i  lb.  per  ton  as  a  constant  addition  due  to  flange 
friction  on  new  rails  (assuming  the  coefficient  of  friction  to  be  as  low  as 
0.35,  as  it  appears  to  be  with  car  wheels.     With  engine-drivers  it  is  about 

0.35)- 

(3)  As  rail  wear  increases  there  will  be  a  very  considerable  further 

addition  to  the  resistance  due  to  the  flange  wear  on  worn  rails.  This 
effect  will  become  visible  very  much  sooner  on  the  sharper  curves,  but 
it  will  occur  sooner  or  later  on  all  curves  when  the  flange  has  cut  into 
the  side  of  the  rail. 

321a.  Let  us  compare  these  conclusions  with  experience : 

1.  Actual  experiment  on  the  63**  curves  (90  feet  radius)  of  the  New 
York  elevated  railroads,  conducted  by  Charles  E.  Emery,  M.  Am.  Soc. 
C.  E..  shows  the  resistance  to  be  043  lb.  per  ton  per  degree  of  curva- 
ture on  new  rails  with  fixed  wheels  in  the  ordinary  mode,  and  0.33  lb. 
per  ton  with  loose  wheels.  (If  the  reader  will  refer  back  to  Table  109 
and  the  accompanying  discussion,  he  will  see  this  to  be  as  nearly  as  may 
be  what  our  theory  would  indicate.) 

2.  The  late  Benj.  H.  Latrobe  experimented  on  14®  curves,  with  new 
rails  also,  and  found  the  resistance  to  be  40  lb.  per  ton. 

3.  French  experiments  with  about  12-ft.  wheel-bases  on  easy  curves 
show  about  1.25  lbs.  per  ton  resistance. 

4.  The  writer  made,  by  the  aid  of  very  delicate  electrical  apparatus. 
what  he  believes  to  be  the  most  accurate  experiments  on  train  resistance. 
•o  far  as  they  went,  which  have  as  yet  been  made ;  and  his  conclusions. 
•o  far  as  relating  to  curve  resistance,  were  that  curve  resistance  is  much 
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greater  per  degree  on  easy  curves  and  at  slow  speeds,  as  shown  ia 
App.  A. 

322t  This  completes  our  analysis  of  the  forces  originating  and  acting 
within  the  truck  itself,  which  are  the  only  ones  of  importance.  Let  us 
see  what,  if  any,  effect  the  forces  acting  upon  the  car  body  and  train  as  a 
whole  have  to  modify  this  result. 

Centrifugal  force  and  superelevation  act  upon  the  car  as  a  whole, 
and  their  effect  is  communicated  to  the  truck  through  the  centre-pin  or 
side- bearings. 

The  centrifugal  force  C  in  lbs.  per  ton  of  any  body  moving  at  V  miles 
per  hour  on  a  Z>**  curve  we  have  already  found  to  be  (eq.  (3),  par.  271), 

C  =  X)2335  V^D. ;..{!) 

from  which  Table  106,  page  270,  was  computed. 

323t  The  superelevation  of  the  outer 
rail  creates  a  force  tending  to  draw  the 
car  inward  and  to  counteract  the  cen- 
trifugal force.  The  weight,  by  a  well- 
known  mechanical  law  (Fig.  44),  bears 
the  same  ratio  to  this  force  as  g.  Fig. 
43,  does  to  the  superelevation  e.  On  a 
4  ft.  %\  in.  gauge  (say  4  ft.  ic^  in.  centre 
^  j^"*"*^^*^^        to  centre  of  rail)  it  amounts,  thereforer 


Fig.  43. 


Fto.44. 


in  lbs.  per  ton  per  inch  of  superelevation,  to    g       x  2000  r=  34.04  lbs. 

The  maximum  amount  of  elevation  which  is  ever  to  be  found  on  rail- 
ways is  about  8  inches,  creating  a  force  of  272.32  lbs.  per  ton.  Many 
roads  limit  it  to  6  inches,  or  204.24  lbs. ;  but  we  may  for  safety  assume 
the  maximum  to  be  10  inches,  or  340.4  lbs.  per  ton. 

Comparing  this  with  Tables  106  and  107,  it  will  be  seen  to  just  aboat 
balance  the  centrifugal  forces  at  what  is  marked  as  the  maximum  safe 
speed,  according  to  usual  practice,  on  various  curves. 

324.  To  determine  the  effect  of  these  forces  on  curve  resistance,  let 
us  assume  the  extreme  case — that  the  maximum  superelevation  is  en- 
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tirely  unbalanced  by  centrifugal  force.    This  is  the  utmost  limit  that 

safety  permits. 

The  first  effect,  with  the  centre  of  gravity  in  the  position  shown  in 

39 
Fig.  45.  is,  by  well  understood  mechanical  laws,  to  throw  -7  or  about  70 

per  cent  of  the  load  upon  the  inner  rail,  leaving  only  30  per  cent  on  the 
outer  rail.  This  increase  of  load  will  compress  the  springs  on  the  inside 
and  by  the  further  tipping  of  the  car  body  cause  the  inside  rail  to  carry 
three  fourths  or  more  of  the  total  load. 

The  second  effect  is  to  confine  all  longitudinal  slipping  to  the  outside 
wheels  as  being  the  most  lightly  loaded.  This,  however,  we  have  seen  to 
be  the  case  with  the  front  axle  under  any  ordinary  circumstances.  The 
lateral  slip  of  tlie  front  axle  is  of  course  not  affected. 

The  third  effect,  resulting  from  the  combination  of  the  above  causes. 
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is  to  change  the  magnitude  and  direction  of  the  forces  acting  on  each 
wheel  in  the  manner  shown  in  Figs.  45  to  47,  in  which  the  solid  lines 
show  the  magnitude  and  direction  of  the  forces  already  determined, 
independent  of  the  superelevation. 

Or,  in  other  words,  taking  from  Table  109,  page  286,  the  slippage 
which  regularly  takes  place  in  a  5-foot  wheel-base  on  a  10**  curve,  we 
have — 


Slippaire  in  feet 
per  too  feet. 

Increase  of  Load. 

New 

SUp. 

Rear  inner  wheel 

"     outer      "     

Front  inner    "     

••     outer    -     

0.00 
0.82 
0.89 
1. 21 

50  per  cent,  increase. 
50    "      "      decrease. 
50    •*      •*      increase. 
39    "      "      decrease. 

0.00 
0.41 

1-33 
■74 

Total  amount 

2.92 

I  ?  per  cent,  decrease. 

2.J.& 
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The  further  resistance  from  flange  friction  on  the  front  outer  vbeel 
(as  also  flange  rail  wear)  should  also  be  diminished  about  39  per  cent 

329.  We  thus  see  grounds  for  believing  that  the  general  effect  of  even 
an  extreme  amount  of  unbalanced  superelevation  may  be  to  somewhat 
decrease  the  resistance,  but  not  to  any  important  extent ;  and  with  the 
ordinary  and  proper  limit  of  6  or  7  inches  superelevation,  partially 
balanced,  as  it  always  is  in  practice,  by  centrifugal  force,  the  effect  b^ 
comes  almost  insignificant  one  way  or  the  other,  although  still  apparently 
to  decrease  the  resistance  so  far  as  it  has  any  effect  at  all.  On  the  other 
hand,  a  similar  computation  to  the  above  as  to  the  effect  of  an  unbalanced 

centrifugal  force  will  indicate  that  it  has  a  very 
"  l^ATt      similar  and  equally  inconsiderable  effect  to  in- 


IN 
\ 


I  \r.  \  crease  the  resistance.      Fig.  48  shows  the  most 

\     ^^:4r,^..^.-'0op0       objectionable  effect  from   excess  of  centrifugal 
!     l\\.ft  1-2:        force.     (See  par.  327.) 


i    U^^ 
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326.  Let  us  now  see  what  effect  such  unbal- 
anced forces  do  not  have.    They  do  not  alter  in 
any  manner  whatsoever  the  position  of  any  of  the 
wheels,  nor  can  they  by  any  possibility  do  sa  it 
would  appear,  until  the  centrifugal  or  centripetal 
^TalJIncbd '"bntJi' uGAL  forcc  becomes  a  force  so  great  that  it  would  slide 
fSSn?  ''ou^eV^wSeSl  t*^«  wheels  laterally  on  the  track  if  the  car  were 
AGAINST  Rail.  Standing  still  on  the  rails,  which  would  be  when 

(Compare   Fijf.  45,  show-  **    ■  .  ,  . 

ingr    effect   of    an   equal   the  superclcvation  was  equal  to  the  Ttf^. /r/lr.  X 

amount  of  unbalanced  cen-  .     ___    t    _.        ^  .      . 

tripetai  force  from  super-  gauge,  OX  at,  Say,  J  gauge,  or  about  14  mches. 
firV^Scity^  n'ecIiS^^  "fo  ^^r  the  force  required  to  slide  a  rolling  wheel  on 
^rifS"*^f/orce*"°"°^°       '  ^^®   ^^^^'  either   laterally  or   longitudinally,  is 

neither  greater  nor  less  than  if  the  wheel  were 
standing  still  (unless  there  may  be  some  slight  and  unknown  modifica- 
tion of  the  coefficient  of  friction) ;  and  so  long  as  the  force  is  not 
FULLY  sufficient  to  do  this,  it  has  no  effect  at  all  to  move  the  body. '  All 
it  can  do  is  to  increase  or  decrease  the  pressure  of  the  flange  against 
the  outside  rail,  and  this  (within  the  limits  of  safe  and  customary  prac- 
tice) only  to  a  trifling  extent.  This  results  from  an  elementary  mechani- 
cal law  which  has  been  too  readily  lost  sight  of  by  theoriiers  on  this 
subject,  that  a  lifting  force  of  1999  pounds  is  as  incapable  of  lifting  a  ton 
as  a  force  of  one  pound. 

327.  The  real  objection  to  too  much  superelevation,  or  to  too  high  ve- 
locity, is  its  effect  upon  safety.  Throwing  so  much  weight  upon  one  rail 
and  one  set  of  springs,  is,  if  carried  to  excess,  highly  dangerous,  although 
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the  resistance  is  not,  in  any  case  very  seriously  affected.  An  excess  of 
superelevation  would  appear  to  be  the  least  evil  of  the  two,  however,  in 
all  respects,  for  we  have  seen  (par.  324)  that  it  has  probably  some  slight 
effect  to  decrease  the  resistance  of  the  slowest  freight  train. 

328s  The  contrary  assumption  is  very  general,  but  it  is  absolutely  unsup- 
ported by  experimental  evidence  so  far  as  the  writer  can  discover,  and  it  cer- 
tainly finds  little  defence  in  theory.  The  truth  is,  that  much  of  the  current  and 
almost  endless  discussion  of  this  topic  among  road-masters  and  even  engineers 
has  Its  root  in  insufficient  examination  of  the  mechanics  of  the  problem.  It  is 
ASSUMED  that  the  two  obtrusively  evident  forces,  centrifugal  force  and  its  oppo- 
site, are  the  only  ones  to  be  considered,  and  that  the  truck  is  thrown  against  one 
tail  or  the  other  by  these  forces  according  as  either  force  preponderates.  Yet 
one  has  only  to  watch  the  wear  of  rails  and  the  motion  of  a  truck  around  a 
curve  to  find  that  there  is  some  force  independent  of  either  (which  we  have 
analyzed  at  length)  which  presses  the  outer  wheel  against  the  rail  with  tre- 
tnendous  force,  however  high  the  superelevation  ;  and  from  this  it  follows  that 
it  is  the  effect  of  the  other  two  central  forces  upon  this  force  which  is  the  real 
problem  to  be  considered. 

329.  We  conclude,  therefore,  that  the  centrifugal  and  cen- 
tripetal forces  have  but  a  trifling  ^fifect  on  curve  resistance,  and 
that  the  proper  rule  for  superelevation  is  to  elevate  sufficiently 
to  balance  the  centrifugal  force  of  the  fastest  trains  up  to  a 
maximum  of  six  to  eight  inches.  This  will  slightly  decrease  the 
resistance  and  danger  of  accident  to  freight  trains,  and  greatly 
improve  the  comfortable  riding  of  passenger  coaches,  provided 
always  that  some  uniform  rule  be  followed,  since  almost  any 
rule  is  better  than  none. 

330.  A  third  source  of  possible  curve  resistance,  obliquity  of  trac- 
tion, affects  the  train  as  a  whole.  The  conditions  of  the  problem  are 
presented  in  Fig.  49. 

It  may  now  be  considered  as  established  that,  despite  a  prevalent 
impression  to  the  contra- 
ry (which  many  able  engi-  ^ . r ^jj 

neers  have  shared),  no  loss  ^^^^^'^  rj- 

of  power  whatever  occurs  ^^^"^ 

from  this  cause.     Let  OA,    -'' 

Fig.  49.  represent  the  trac-  ^'®'  ^ 

tive  force  to  be  transmitted  through  the  coupling  O  to  the  car  B,     As 

there  is  a  change  of  direction  in  the  force  at  O,  it  is  sometimes  claimed 
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that  no  force  OA  can  be  caused  to  act  on  the  .following  car  in  the 
changed  direction  OB  without  a  certain  loss  of  tractive  force,  and  hence 
waste  of  energy.  This  position  is  in  both  respects  unsound.  There  is 
no  loss  of  tractive  force  at  each  car  due  to  obliquity  of  traction^  and,  even 
if  there  were,  it  would  not  necessarily  imply  any  waste  of  energy.  It  fol- 
lows that  the  method  of  analyzing  the  strains  by  which  such  position  is 
supported  (which  consists  in  making  the  angle  OCA,  Fig.  49,  a  right 
angle  and  then  taking  the  force  OB  =  AC^  or  less  than  OA)  is  incorrect 

331.  The  correct  way  of  representing  the  action  of  the  forces  involved 

is  by  the  parallelogram  of  forces  shown 
in  Fig.  49,  which  should  be  constructed 
as  shown,  with  OB  =  OA%  the  force  OA 
being  transmitted  undiminished  through 
O  as  around  a  pulley ;  the  lateral  stress 
OC  having  no  more  effect  to  reduce  the 
force  OB  than  the  stress  OC,  Fig.  50,  has 
to  make  the  force  OB  less  than  OA,  Both 
in  Figs.  49  and  50,  if  the  stress  OC  is  suf- 
ficient to  produce  lateral  motion  in  the 
direction  OC  by  overcoming  the  static 

resistance,  it  will  or  may  consume  power,  and  the  force  OB  may  be  th<ni 
quite  different  from  AO,  but  otherwise  not. 

In  a  train  of  cars,  the  lateral  component  has  only  the  effect  to  mi- 
nutely increase  the  lateral  resultant  of  the  superelevation,  which  we  ha\*e 
just  seen  tends  to  decrease  the  resistance  (if  anything),  but  has  no  effect 
to  change  the  position  of  any  wheel,  or  to  increase  perceptibly  the  pres- 
sure of  the  wheels  against  the  rails. 

Conceive  the  track  to  be  a  complete  circle,  and  the  train  to  com- 
pletely till  it.  Conceive  the  floor  of  the  cars  to  be  a  rigid  continuous  cir- 
cular platform.  There  would  then  nowhere  be  a  lateral  resultant  of  the 
kind  discussed,  but  no  reason  is  apparent  why  the  curve  resistance  should 
be  either  greater  or  less. 

332.  The  transmission  of  force  from  car  to  car,  through  a  train  on  a 
curve,  is  an  almost  exact  mechanical  parallel  to  the  transmission  of 
power  by  a  rope  or  chain  over  a  pulley ;  the  rope  being  the  string  of  car 
bodies,  and  the  car  wheels  the  pulleys.  The  fact  that  the  pulleys  are 
carried  by  the  rope  itself,  instead  of  in  a  block  exterior  to  it,  is  a  mere 
detail  not  affecting  the  mechanical  conditions.  In  either  case  the  loss 
from  such  transmission  is  simply  the  friction  of  the  pulley.  Conceive  a 
chain  made  of  successive  links,  each  carrying  a  pulley  wheel  and  being 
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■dragged  over  a  large  cylinder  or  succession  of  cylinders,  large  or  small. 
Conceive,  further,  the  rope  to  be  so  long  and  the  friction  of  the  pulleys 
so  great  that  the  whole  power  of  the  prime  mover  is  consumed  in  keep- 
ing the  chain  in  motion  at  uniform  speed.  We  have  here  a  perfect 
mechanical  parallel  to  a  train  in  motion  on  a  curve,  except  for  the  one 
minor  fact  that  the  resultant  of  all  the  forces  acting  on  the  wheels  does 
not,  in  case  of  a  railroad  train,  lie  exactly  (although  it  does  nearly)  in  the 
plane  of  the  wheels  themselves,  whereas  in  the  case  of  the  pulley  wheels 
it  does.  But  no  resistance  arises  at  the  coupling- points  from  "  change  of 
direction."  or  obliquity  of  traction,  or  from  any  other  source  than  the 
friction  of  the  pulleys  proper,  in  either  case.  It  is.  of  course,  true  that 
the  resistance  of  the  rear  pulleys  would  tend  to  press  each  pulley  in  ad- 
vance more  tightly  against  the  surface,  and  so  produce  greater  friction  in 
the  pulley  itself  than  would  otherwise  exist ;  and  similarly  in  the  case  of 
a  railroad  train  it  is  entirely  pertinent  to  prove  that  a  lateral  centripetal 
force  is  produced  by  obliquity  of  traction,  so  that  the  resultant  of  all 
forces  does  not  lie  in  the  plane  of  the  wheel,  and  that  this  fact  produces 
greater  friction.  The  latter,  however. — the  only  possibility  pertinent  to 
discuss, — is  commonly  neglected  in  discussions  which  assume  that  lateral 
resultants  from  obliquity  of  traction  indicate  from  their  mere  existence  a 
loss  of  eneigy.  Force,  i.e.,  static  stress,  is  one  thing,  resistance,  i.e., 
destruction  of  dynamic  energy,  is  another  and  quite  different  thing.  We 
cannot  figurtf  away  energy  with  a  parallelogram  of  forces,  but  must  prove 
when  and  how.  if  at  all,  it  is  lost  by  additional  friction.  As  a  matter  of 
fact  there  appears  to  be  no  loss,  but  a  trifling  gain,  under  ordinary  con- 
ditions, from  the  fact  that  the  centripetal  tendency  is  increased. 

333,  There  is  so  much  misconception  as  to  this  matter  that  we  may  en- 
deavor to  make  it  still  clearer.  In  Fig.  51  let  the  lines  OOP  represent  the 
axes  of  two  successive  cars  moving  in  either  direction  ;  PP^  the  two  coupling- 
pins:  and  Z,  the  coupling-link.  Let 
the  lines  SS  represent  in  magni- 
tude and  direction  the  tensile  force 
acting  upon  the  link  and  tending  to 
rupture  it.  As  a  matter  of  course, 
these   forces   S  must  be  equal  to  ^^  **• 

each  other,  since  action  and  reaction  are  equal,  and  when  resolved  into  forces 
meting  along  the  axes  of  the  cars  this  makes  the  latter  also  equal.  The  losses 
of  tensile  force  from  car  to  car  occur  at  the  centre- pins  O  of  each  car,  and  not 
at  the  coupling-points  P,  The  tension  on  the  front  end  and  back  end  of  the 
draw  gear  of  any  given  car  is  always  different  by  the  amount  of  the  frictional 
resistance  of  that  car  ;  but  the  longitudinal  strains,  parallel  with  the  respective 
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axes  of  the  cars,  on  the  rear  draw-gear  of  a  forward  car  and  the  front  drmw- 
gear  of  a  rear  car,  are  always  equal  to  each  other  in  magnitude,  although  differ- 
ent in  direction  by  the  amount  of  the  angle  between  the  axes.  That  is  to  lay* 
the  diminution  of  tensile  force  from  car  to  car  is  internal  to  each  car,  aod  nol 
at  all  at  the  coupling-point. 

334t  But  the  point  is  not  worth  disputing,  for  the  loss,  if  it  were 
granted  to  exist,  is  very  small.  Assuming  the  car  body  to  be  30  feet 
long,  the  deflection  angle  OAC^  Fig.  49.  will  evidently  be,  on  a  Z>^  curve* 
0.3/?  or  18'  X  D,  and  of  the  tractive  force  -iF  (  =  OA^  Fig.  49)  there  will 
be  an  assumed  loss,  which  let  =  Z,,  at  each  coupling,  from  obliquity  of 

traction : 

Z  =  -F  (I  —  cos  18')  D  =  0.000016DF. 

The  tractive  force  of  a  Consolidation  engine  is  something  over 
20,000  lbs.  at  the  engine  and  zero  at  the  end  of  the  train,  averaging,  8ay» 
10,000  lbs.    Then  the  loss  per  car  will  average,  on  a  i^  curve, 

Z  =  0.16  lb.  per  car» 
or,  on  a  10°  curve  with  a  60-car  train, 

Z  =  96  lbs. 
Not  a  very  serious  matter,  certainly. 

335.  We  conclude,  therefore,  as  to  curve  resistance  : 

1.  Obliquity  of  traction  and  the  length  of  the  train  have  no 
appreciable  effect  to  modify  curve  resistance. 

2.  Centrifugal  force  within  the  limits  of  practice  has  but  lit- 
tle effect  on  the  resistance,  but  that  little  is  to  increase  it 

3.  Centripetal  force  from  superelevation  within  the  limits  of 
safe  practice  has  but  little  effect  on  the  resistance,  but  that  little 
is  to  reduce  it. 

4.  The  best  rule  for  superelevation  is  to  elevate  for  the  fast^ 
est  regular  speed  up  to  a  maximum  limit  of  6  to  8  inches  in  alL 

5.  Rail  wear  and  curve  resistance  over  rails  in  the  same  con- 
dition  are  as  nearly  as  may  be  directly  as  the  degree  of  curva- 
ture, with  some  minor  elements  which  are  independent  of  radius. 

6.  Rail  wear  and  curve  resistance  are  appreciably  less  with 
new  rails  than  with  old,  and  become  greater  as  the  outer  rail  is 
worn  away  to  the  shape  of  the  flange. 

7.  The  pressure  of  the  flanges  against  the  rail  is  the  same  on 
all  curves  independent   of   radius,  but  the   wheel  sttads  at  a 
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greater  angle  to  the  rail  as  the  curve  is  sharper,  and  likewise  is 
sliding  faster  on  the  surface  of  the  rail,  increasing  the  danger  of 
derailment  correspondingly,  by  some  unknown  amount,  but  not 
nearly  in  proportion  to  the  degree  of  the  curve. 

8.  The  lowest  probable  limit  of  curve  resistance  at  ordinary 
freight  speeds  and  in  ordinary  curves  is  about  \  lb.  per  ton 
per  degree  of  curve,  with  all  in  perfect  order.  With  worn  rails 
and  somewhat  rough  track  it  may  be  as  high  as  |  lb.  per  ton. 

9.  While  so  obscure  a  point  cannot  be  considered  as  estab- 
lished by  the  existing  experimental  evidence,  all  the  more  trust- 
worthy existing  evidence  seems  to  combine  with  theory  to  indi- 
cate that  curve  resistance  per  degree  of  curve  is  very  much 
greater  on  easy  curves  than  on  sharp  curves  ;  so  that  when  the 
resistance  is  i  lb.  per  ton,  for  example,  on  a  1°  curve,  it  may  be 
6  to  8  lbs.  per  ton  on  a  10°  curve,  and  not  more  than  15  to  i8» 
lbs.  per  ton  on  a  40°  to  50°  curve.     (See  Appendix  A.) 

10.  It  may  be  considered  established  that  curve  resistance  is 
affected  somewhat  by  the  speed,  and  probably  by  a  very  consid- 
able  percentage;  so  that  if  the  curve  resistance  in  motion  be 
\  lb.  per  ton  it  may  be  as  high  as  i  lb.  per  ton  on  worn  rails^ 
for  speeds  of  less  than  4  or  5  miles  per  hour,  or  for  the  first 
train  length  or  thereabout  in  getting  under 

way.    As  a  stoppage  on  any  curve  is  always   long^tfucf;/ia/ sup. 
a  possibility,  this  contingency  should  not  be     ^^^       \       3 
forgotten  when  reducing  grade  on  curves,  es- 
pecially near  possible  stopping  points. 

11.  The  beneficial  effect  of  the  narrower 
gauge  is  small  with  the  same  length  of  wheel- 
base.  With  a  3-ft.  gauge  as  against  a  4.7-ft. 
gauge,  with  a  wheel-base  of  4-7  ^t.,  it  is  about  fig.  52.-Effbct  of  Dif- 

/ ^ — j j  FERHNCE     OF     GaUGK    OM 

/        ^  ^t  \    ^4-7    H~  4*7  6.647         1        Curve       Resistancb, 

as    (not  exactly  as)  1—L±.  =  — Zi  =  ^     length  of  whkel-base 

y     '^   ^    A    'j^  5'57"  REMAINING  THE  SAME. 

♦^      1^  ^*  /  (The    comparative    sHp- 

less,  as  outlined  in  Fier.  52.    With  awheel-base  P!°p  °^^.^^«  wheels  m  a 

'  ^   *'  (r»ven    distance    is    repre- 

II 0. 7  2  sented  by  the  two  diagonals 

of  2f[  the  eain  is  only  — '~  =12  per  cent  less.  ™a»"^cd  n.  g.  and  st  d.  g.) 

97.36 

If,  however,  the  length  of  wheel-base  decreases  with  the  gauge 

20 


LongffudinMl  S/fp 
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the  gain  is  directly  as  the  gauge.  All  the  preceding  refers  only 
to  the  surface  friction  on  the  top  of  rail,  flange  friction  being 
much  less  affected. 

12.  Increasing  the  length  of  wheel-base, 
say,  from  gauge  to  2  gauge  increases  curve  fric- 
tion as  outlined  in  Fig.  53,  in  the  ratio  of 

2.236 

— ii—  =  58  per  cent. 

1.414 

336.  Perhaps  the  best  existing  experimental  confir- 
mation of  the  eleventh  conclusion  above  is  to  be  found 
in    some  delicate  experiments  on    models    by   Mr.    Reuben 
Wells  (Rept.  Am.  Ry.  M.  M.  Assoc.,  1876),  which  have  at- 
tracted far  less  attention  than  their  merit  deserves.    While 
no  one  test  of  any  kind  can  be  considered  decisive,  the  tests 
do  afford  an  indication  which  is  perhaps  more  delicate  and  re- 
liable as  a  test  of  principle  than  could  easily  be  made  with  the 
actual  rolling-stock.     With  trucks  representing  to  ^  scale  a  p^         _  -^ 
wheel-base  of  4  ft.  10  in.  and  gauges  of  3  ft.  and  4  ft.  8i  in.  on     of   Differimcb 
a  curve  representing  to  the  same  scale  one  of  300  fL  radius 
and  273  ft.  long,  gravity  being  the  ilnpelling  force,  Mr.  Wells 
found — 


OP  Lbngth  op 
Whbbl-basb  oh 
Curve  Rbsist- 
ANCK,    Gauge 

RBMAINIMG  THB 
SAMB. 


Speed. 
Miles  Per  Hour. 

5.76 

7.59 
10.12 

16.70 


Resistance ;  lbs.  per  ton  (actual). 
St.  G.  N.  G.  p.  c.  of  N.  G. 

46.80  39-14  83.6 

48.96  41.66  85.1 

45.76  41.66  91.0 

68.20  64.40  96.0 


(By  formqla  above 
V/a«ff**+  w  fuel-has^ 
the  per  cent  of  N.  G. 
should  be,  uniformlj, 
82.7  p.  c. 


If  we  consider  that  in  these  observed  resistances  the  normal  tangent  roll- 
ing friction  is  included,  whereas  in  the  formula  it  is  not,  the  two  correspond 
wonderfully  closely,  indicating,  however,  that  the  absolute  amount  of  curve 
resistance  decreases  with  the  speed — which  is  probable  from  other  reasons. 
The  tests  were  made  by  raising  the  track  to  a  grade  which  would  give  the  de- 
sired velocity  and  the  resistances  in  lbs.  per  ton  deduced  therefrom.  The  high 
absolute  amount  of  the  latter,  compared  with  normal  rolling-stock  resistance. 
should  not  be  allowed  to  convey  an  impression  that  the  models  were  rough. 
On  the  contrary,  they  show  that  it  was  very  delicately  constructed,  as  the  re- 
sistances per  ton  of  its  actual  weight  are  but  little  more  than  three  times  what 
might  be  expected  with  fully  loaded  cars,  which  is  even  less  than  the  probable 
difference  in  coefficient  of  friction  due  to  the  difference  of  load. 

Mr  Wells's  primary  purpose  in  undertaking  these  tests  was  to  determine 
bow  much  there  might  be  in  the  alleged  theoretical  advantage  of  loose  wheels 


^ 
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for  passing  currea.  He  (onnd  that  in  no  cas«  was  much  gained,  while  in  some 
CMces  Ibe  looae  irheels  were  a  positive  disadvantage.  The  preceding  theoreti- 
cal discussion  of  the  mechanics  of  curve  resistance  may  be  readily  shown  lo 
point  directly  to  the  same  conclusion,  and  almost  to  Mr.  Wells's  identical  fig- 
ures, had  il  appeared  expedient  to  extend  this  discussion  for  that  purpose. 

337.  The  late  Baron  Von  Weber,  whose  great  services  to  the  cause  of 
science  entitle  anything  vouched  for  hy  him  to  a  presumption  in  its  favor, 
gave  currency  to  a  very  abskird  formula  io  respect  to  curve  resistance,  which 
has  been  quite  extensively  quoted  as  trustworthy,  as  it  was  alleged  to  rest  on 
(oine  extensive  and  elaborate  experiments.  This  formula  gave  the  total  resist- 
ance as  a  function  of  •; .  R  being  the  radius  in  metres.     This  formula 

Jf-55 
give*  resistances  increasing  much  faster  than  the  degree  of  curve,  instead  of 
slower,  as  we  have  found;  the  results  varying  from  a  resistance  of  0.8  lb.  per 
net  ton  per  degree  for  a  curve  of  1000  metres  radius  (3310  tt.,  or  1°  44')  10  a 
resistance  of  1.67  lbs.  per  net  ton  per  degree  for  curves  of  100  metres  radius 
<33t  ft.,  or  17'  30').  But  by  extending  the  formula  lo  a  little  sharper  curves  its 
nntruslworthy  and  absurd  nature  is  at  once  seen.  For  a  curve  of  60  metres 
radius  (197  ft.)  we  obtain  a  resistance  9.45  times  as  much  per  degree  as  on  a 
curve  of  1000  metres  radius,  and  for  a  curve  of  55  metres  radius  or  less  an  in- 
finite resistance.  A*  the  curves  of  the  New  York  elevated  railways  are  of  less 
than  30  metres  radius,  and  as  ordinary  American  engines  were  operated  over 
»  cnrve  of  jo  ft.  radius  for  some  time  without  accident  or  delay,  on  the  United 
SiBtes  Military  Railroads  in  the  late  war,  this  is  hardly  a  rational  result. 

338.  A  new  and  dangerous  doctrine  has  lately  been  advanced,  in  a  semi- 
official  manner  which  has  given  it  wide  currency  as  a  conclusion  of  the 
Master  Car- Builders'  Association,  a! 
though  it  was  in  no  sense  such  in  fact, 
vii..  that  the  comer*  of  rails  should 
be  tolled  to  a  larger  radius  (f  inch)  so 
as  to  exactly  fit  the  radius  of  the  (illet 
or  interior  corner  of  the  flange,  instead 
of  the  two  being  of  quite  dissimilar 
radius,  as  in  Fig.  31,  which  shows  the 
more  nsual  and  the  only  proper  prac 

These  conclusions  were  expressed 
in  an  otherwise  able  paper,  by  M.  N.      ,„  „     '''°*  **■ 

_  -  ,    V  ^  -     -  '^'(t-  S4  i«  Fig.  TE)  o(  Mr.   Fomey'i  piper, 

Forney,   Secretary  of  the  Association    "The  Reliuon  of  RaJlroad  Wheeli  and  Ruls 

(Rcp..M.c.B.A»«..  .8Bs):  .„d  th=  SiSiij"£'.'sl;J™,ii1';iJ,-s  gs 

theory  was  based  upon  the  claim  that  radius.) 

the  usual  form  of  rail  and  Sange.  s'jch  as  is  shown  in. Figs.  30  and  31,  causes 

•harp  flanges,  producing  wear  such  as  is  outlined  in  Fig,  54 ;  the  corner  of  the 
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Fig.  55. 


rail  wearing  to  a  larger  radius,  and  the  fillet  of  the  flaoge  to  a  smaller  radius, 
thus  producing  sharp  flanges. 
The  facts  are : 

1.  (See  Table  114.)  Only  a  very  small  percentage  of  wheels  ever  get  sharp 
flanges,  and  there  are  never  two  sharp  flanges  on  one  axle;  showing  that  some 
mechanical  defect  of  wheel  or  truck  (usually  the  latter)  is  the  chief  cause  of 
sharp  flanges,  and  not  some  general  cause  acting  upon  all  wheels  alike. 

2.  Except  in  the  one  case  of  the  outside  rail  on  curves,  rails  invariably  wear 

to  a  much  smaller  comer  radius,  as  in  Fig.  55.  re- 
produced from  an  example  of  wear  in  Mr.  Forney's 
paper  (see  also  Figs.  32  to  41),  and  never  in  the 
manner  outlined  in  Fig.  54. 

3.  In  the  one  case  of  the  outside  rail  on  curves 
the  rails  do  finally  wear  away  in  something  like  the 
manner  outlined  in  Fig.  54,  until  the  side  of  the  rail 
takes  almost  the  exact  form  of  the  flange,  as  in  Fig.  41,  but  there  is  then  much 
more  friction,  more  rapid  wear,  and  more  danger  of  derailment  than  when  the 
rails  are  new,  as  in  Figs.  31  or  54 ;  because,  although  the  bearing  surface  is 
small  in  the  latter  case,  it  is  subjected  to  only  rolling  wear,  whereas  if  the 
flange  fits  all  around  the  rail  corner  the  additional  bearing  surface  is  exposed 
to  rubbing  friction.     (See  par.  313  et  seq,) 

339.  Imagine  a  heavy  sphere  rolling  down  a  plank,  as  in  Fig.  56.     It  has  a 

very  small  bearing  surface,  yet 
any  additional  bearing  surface 
which  might  be  gained  by  turn- 
ing the  plank  into  a  trough 
••exactly    fitting"     the    sphere 

Fig.  56.  would    plainly    produce    more 

friction  and  more  wear,  rather  than  less.  The  same  conditions  obtain  in  Fig. 
54,  where  the  material  outside  the  dotted  lines,  which  it  is  proposed  to  remove 
in  first  manufacture,  is  really  "  precious  metal,*'  serving  to  long  postpone  the 
day  when  the  rail  and  flange  fit  as  Fig.  41,  and  a  very  rapid  rate  of  wear  begins. 
The  metal  outside  the  dotted  lines  in  Fig.  54  will  require  at  least  /our  times  as 
great  a  tonnage  to  wear  it  away  as  will  be  required  to  wear  away  an  equal 
weight  of  metal  after  it  is  gone.  Moreover,  the  wear  of  flange  outlined  in  Fig. 
54  never  takes  place  at  all  except  m  a  very  small  percentage  of  the  wheels 
(2  to  6  per  cent),  indicating  that  it  is  not  due,  when  it  does  take  place,  to  the 
form  of  the  rail. 

340.  What  sound  practice  would  seem  to  require,  therefore,  is: 

I.  The  tread  of  the  wheel  should  have  somethmg  the  form  ol  Fig.  57,  with 
a  fillet  radius  of  at  least  fin.,  mstead  of  the  i-in.  radius  which  Mr.  Forney 
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recommended,  >nd  the  \-m.  radiui  which  the  Master  Car-Builders'  Association 
have  unfonunalely  adopted  as  standard. 

2.  The  original  coiner  radius  of  Ibe  rail  should  be  little  if  any  greater  than 
i  or  A  in. 

In  ihis  way  we  sball  postpone  as  long  as  possible  (be  evil  daynheo  the  rail 
and  wbeel  will  not  limply  roll  upon  but  grind  into  each  other. 

341>  The  delecerioua  eEF^t  of  having  the  comer  of  the  rail  of  larger  radius 
than  the  lillet  of  the  flange  is  clearly  visible  in  Fig.  5S.  When  any  lateral 
flange  pressure  arises  from  |> 
tbe  passage  of  a  curve  or 
other  cause,  instead  of  the 
bearing  surfaces    being  able 


Hill  I 


I   the 


FIO.S9. 


rolling   contact    of   minimum 

wear,  as  outlmed  m  Figs  31 

And  ;9.  we  have  Ihe  rubbing 

side  contact  shown  in  Fig.  5S, 

sure    10    produce   rapid   side 

wear,  in  addition  to  the  usual 

top  sliding   and  near       This 

has     acluall>     resulted    with 

rails  of  such  form      On  the 

Lehigh    \  alley    and    on    (he 

parts  of  the  Pennsylvania  laid 

with  its  new  rail  section  of  \ 

in.  corner  radius,  both  rails. 

on  both  curves  and  tangents. arc  badly  worn  far  down  the  side  of  the  rail,  ai  if 

laid  very  light  of  gauge,   whereas  with    rails  of  the   usual   form   this   never 

fesulls.  however  old  or  worn  the  rails,  except  on  the  outside  rail  of  curves. 

342.  Mr.  M.  N.  Forney,  in  the  paper  above  referred  10  (par.  338),  gives  the 
best  exisling  evidence  as  to  the  cffecl  of  coning  on  the  natural  palh  of  trucks 
having  parallel  axles.  He  experimented  with  an  apparatus  ^ch  as  is  shown 
in  Fig.  60.  To  determine  positively  if  these  results  were  correct,  the  writer 
has  since  constracied  and  tested  a  model  of  quite  different  form  with  closely 
similar  results. 

Mr.  Forney's  model,  compared  with  a  full  sited  truck,  was  made  to  a  scale 
of  }  in.  =  I  foot,  or  ^  ot  full  siie.  The  wheels  on  each  axle  represented  fuU- 
siied  wheels  of  344  and  314  in.,  or  a  difference  ol  3  in,  in  diameter.  The 
radii  of  the  actual  palh  of  the  model,  niih  wheels  set  at  various  distances  apart, 
are  shown  in  Fig.  61,  Converting  all  the  dimensions  of  the  model  and  tbe 
results  of  the  experiments  into  the  full  siie  nhich  they  represented,  they  in- 
dicate that  a  single  pair  of  wheels  on  the  same  axle,  with  a  difference  of  3  in. 
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■a  their  dUmeten.  will  roll  In  a  curve  of   53)  ft.  radius.    Two  pairs  of  lucb 
wheels,    U  the  axles  are  held    parallel,  as 
loUowing  curves: 

Axles  3  (t.  apart  will  roll  in  a  i 


the   model,  would   roll    in    the 
of    67  (t.  radius. 


With  an  average  coning  of  -ft  in.  in  the  length  of  the  tread,  and  an  average 
play  in  the  gauge  of  }  in.,  we  find  about  f^  in.  to  be  the  difference  of  dianieler 
which  ordinaiy  coned  car  wheels  can  have,  assuming  that  both  wheels  stood 
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close  to  the  outside  rail,  which  they  do  not  (see  Fig.  20  and  par.  294).    This 
would  correspond  to  results  in  actual  practice  as  follows  : 

Axles  3  ft.  apart  will  roll  in  a  curve  of  2.572  ft  radius. 
4 

5 
6 

7 
8 

9 
10 


3.513 

«t 

5.107 

(< 

6.700 

«< 

9.638 

<« 

12.969 

«l 

18,393 

«( 

«« 

24.700 

<• 

a 


Gauge,  a.35  in. 

Pig.  6x. — Radius  of  Path  op  Whsbl-basb  shown  in  Fig.  60,  with  Whsbls  sbt  at  Vajuous 

Distances  apakt,  as  shown  along  thb  Bass-umb. 

These  figures  indicate  that  even  under  the  most  favorable  possible  circum- 
stances coning  can  have  little  effect  to  facilitate  the  passage  of  curves. 

343.  Having  now  investigated  the  nature  of  rail  wear  on 
curves  and  the  causes  of  curve  resistance,  we  are  better  prepared 
to  take  up  and  estimate  at  their  true  worth  the  positive  objec- 
tions to  curvature,  as  summarized  at  the  beginning  of  this  chap- 
ter, which  are  : 

1.  The  direct  cost  of  curvature  of  various  radii;  that  is 
to  say,  the  greater  wear  and  tear  of  road-bed  and  rolling-stock, 
and  the  greater  consumption  of  fuel. 

2.  The  limiting  effect  of  curvature  on  the  weight  and 
length  of  trains. 

A  moment's  consideration  will  show  that  these  two  causes 
of  expense  are  sharply  defined  from  each  other.  For  every 
curve,  whether  sharp  or  flat,  and  wherever  situated,  must  cause 
a  certain  amount  of  wear  and  tear  and  waste  of  power,  although 
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it  may  not  cause  any  shorter  trains  to  be  hauled,  which  is  its 
DIRECT  effect  on  expenses;  but  if  the  curvature  be  very  sharp  or 
very  unfavorably  situated,  or  if  the  line  be  very  nearly  level,  so 
that  there  are  no  heavy  grades  to  limit  trains  in  advance  of  cur- 
vature, there  will  finally  come  a  point  where  too  much  or  too 
sharp  curvature  will  not  only  cause  wear  and  tear,  but  likewise 
•cause  the  length  of  trains  to  be  cut  down.  In  that  case  the  di- 
rect expense  of  the  curvature,  for  wear  and  tear  and  waste  of 
fuel,  will  continue  on  as  before,  but  there  will  now  be  a  new 
source  of  expense  added  to  that  which  exists  on  all  curves  with- 
out  distinction. 

We  for  the  present  (until  Chaps.  XVIII.  and  XIX.)  consider 
only  these  direct  sources  of  expense  which  are  common  to  all 
•curvature  wherever  situated,  assuming  that  it  does  not  require 
more  trains  to  be  run,  but  simply  makes  it  more  expensive  to 
run  them. 

THE  EFFECT  OF  CURVATURE  ON  OPERATING  EXPENSES. 

344.  Fuel.— We  have  already  seen  (par.  186)  that  about  33  per  cent 
of  the  cost  of  fuel  goes  for  getting  up  steam,  kindling  fires,  running  to 
and  from  trains,  stopping  and  starting  trains,  standing  idle,  etc.,  etc.,  and 
is  hence  a  constant  wastage,  independent  of  the  distance  run.  All  of 
this  may  be  considered  as  likewise  unaffected  by  curvature,  and  in  addi- 
tion thereto  there  is  another  and  important  source  of  loss,  viz.,  conden- 
sation due  to  radiation  of  heat,  which  varies  with  the  time  of  exposure, 
and  hence  with  the  distance  run,  but  is  inappreciably  affected  by  the 
power  developed  per  hour.  Every  part  of  a  locomotive,  even  the  lagging. 
is  hot  enough  to  bum  the  hand  in  the  coldest  weather. 

The  fire-box  is  usually  left  entirely  exposed  (by  a  mistaken  negligence, 
which  is  gradually  being  corrected  in  some  few  instances,  as  on  the  Lake 
Shore  &  Michigan  Southern  Railway,  on  which  all  the  fire-boxes  are 
lagged*),  and  the  ends  of  the  cylinders  are  protected  only  by  metal 
plates.  As  a  consequence,  the  average  amount  of  fuel  consumed  in 
winter  is  shown  by  abundant  statistics  to  be  very  uniformly  about  20  per 
cent  greater  than  in  summer,  or  about  1  per  cent  for  each  2°  F.  difference 
of  tempierature. 

*  It  is  claimed  that  an  economy  of  some  10  per  cent  in  fuel  was  attained  on 
(Im  Lake  Shore  by  such  lagging  of  the  fire-box.     Am.  Ry.  M.  M.  Rep*t,  1885. 
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345.  To  appreciate  the  full  force  of  this  fact,  we  must  remember  thai 
the  hottest  summer  day  is  cold  to  the  cylinders  and  boiler.  The  temper- 
ature within  the  boiler  is  about  350°  F.;  and  hence  whether  the  temper- 
ature outside  be  o"  F.  or  100°  F.  makes  little  proportionate  difference. 

Let  us  suppose  the  average  fuel  consumption  in  July,  with  an  average 
temperature  of  yj"^  F.,  to  be  60  lbs.  per  mile.  In  January,  with  an  aver- 
age temperature  of  37"  F.,  experience  shows  that  the  consumption  will 
be  some  20  per  cent  greater.     Then  we  have : 


TSMPBRATUKB. 


Lbs.  Coal 


Interior.  Exterior.  DifEerence.    Burned  Per  Mile 

July.  350°  77""  273**  60 

January.        350°  37°  313**  72 

Increase  p.  c,  40**  14.6  p.  c.  20  p.  c 

The  cause  of  this  enormous  effect  of  difference  of  temperature  is  very 
obscure,  and  it  would  lead  us  too  far  to  discuss  it  in  detail.  The  matter 
has  attracted  far  less  attention  than  it  should,  and  even  the  facts  from 
which  any  discussion  of  causes  must  start  are  but  little  known  to  railroad 
men.  It  will  be  seen  that,  superficially  considered,  the  facts  seem  to  in- 
dicate that  a  very  large  proportion  of  the  fuel  consumption  is  due  to  the 
effects  of  exterior  temperature  ;  for  if  a  decrease  of  40**  F.  or  i^  per  cent 
in  the  difference  between  the  temperature  within  and  without  the  boiler 
saves  20  per  cent  of  the  fuel,  it  would  seem  as  if  we  had  only  to  decrease 
the  difference  a  little  farther  to  save  half  or  three  quarters  of  it. 

This  conclusion  would  be  absurd,  but  all  that  it  is  desired  here  to 
show  is  that  exterior  radiation  is  a  very  serious  matter.  The  chief  causes 
for  the  great  difference  in  winter  and  summer  fuel  consumption  are  prob- 
ably these : 

I.  The  rolling  friction  is  considerably  higher.  Most  of  the  energ>' 
destroyed  by  friction  must  take  the  form  of  heat,  and  as  the  journals 
speedily  attain  about  the  same  temperature  in  both  winter  and  summer 
(moderately  warm  to  the  touch)  the  difference  in  temperature  of  the 
journals  and  the  external  air  is  much  greater  in  winter,  and  this  means 
so  much  more  journal  friction. 

This  theoretical  deduction  lacks,  as  yet,  direct  experimental  evidence,  pend- 
ing  which  it  must  be  regarded  as  doubtful.  By  some  strange  omission,  the 
comparative  winter  and  summer  train  resistance  has  not  been  the  subject  of  di- 
rect investigation,  so  far  as  the  writer  is  aware;  but  that  there  is  considerable 
difference  appears  to  be  indicated  by  the  fact  that  it  is  found  necessary  in  prac- 
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ticml  operation  to  cut  down  trains  in  winter  by  about  10  per  cent  (say  from  20 
cmrs  to  18,  or  from  40  cars  to  36),  for  which  it  is  difficult  to  imagine  any  other 
rmtional  explanation.  The  popular  explanations  are  :  (i)  Thar  the  wind 
traTels  more  miles  in  winter  than  in  summer,  which  is  not  true;  and  (2)  that 
the  track  is  in  worse  condition,  which  is  unquestionably  true  to  some  extent ; 
tmt  there  are  very  few  days  when  snow  and  ice  cause  much  trouble  on  the  sur- 
face of  the  rail,  which  is  for  the  most  part  as  clean  in  winter  as  in  summer, 
and  the  effect  of  heaving  of  the  road-bed  on  train  resistance,  although  impor- 
tant, can  hardly  account  for  the  difference  which  exists. 

346.  Internal  radiation  also,  from  the  hot  steam,  when  first  admitted 
to  the  cylinder,  into  the  interior  walls  thereof, — whence  it  is  almost  in- 
stantly returned  again  into  the  exhaust  steam,  as  the  temperature  falls 
ffx>m  reduction  of  pressure,  without  having  done  any  work, — is  admitted 
to  be  a  very  great  source  of  waste,  but  is  entirely  distinct  from  the  exter- 
nal radiation,  for  it  is  not  appreciably  affected  by  the  external  tempera- 
ture, and  docs  vary  with  the  power  demanded,  and  inversely  with  the 
speed ;  in  all  of  which  details  it  differs  from  external  radiation. 

It  is  true  that  a  locomotive  standing  still  and  not  using  steam  loses 
but  a  trifling  amount  from  radiation  (about  30  lbs.  per  hour);  but  the 
conditions  are  vastly  different  when  working  against  a  fierce  wind  with 
every  part  to  be  kept  hot,  and  it  is  difficult  to  resist  the  evidence  that 
at  least  \  of  the  fuel  consumed  goes  to  replace  radiated  heat.  If  so.  as 
33^  per  cent  goes  for  other  causes  of  wastage,  we  have  50  per  cent  of  the 
fiiel  left  as  that  portion  which  varies  directly  with  the  power  demanded. 
Possibly  it  is  still  less,  but  it  can  hardly  be  much  more. 

The  correctness  of  this  conclusion  is  indicated,  in  a  measure,  by  the  coal 
bamed  by  engines  running  light.  An  engine  which  will  burn  60  to  80  lbs.  per 
mile  with  its  full  train,  will  burn  20  to  30  lbs.  per  mile  only  to  run  itself. 

347.  Assuming  curve  resistance  to  average  about  i  lb.  per  ton,  it  is 
perhaps  as  correct  an  average  as  possible  to  say  that  a  continuous 
ll**2o'  curve  causes  an  average  additional  train  resistance  of  about  6  lbs. 
per  ton,  or  about  doubles  the  resistance  of  a  train  on  a  level.  A  mile  in 
length  of  such  a  curve  contains  600°  of  curvature. 

We  may  say,  therefore,  that  600**  of  curvature  will  waste  about  50  per 
cent  as  much  fuel  as  the  average  burned  per  mile  run. 

348.  Repairs  of  Engines. — Referring  to  Table  85,  page  203,  it  will 
be  seen  that  the  proportion  of  this  item  assignable  to  the  average  effect 
of  curvature  and  grades  is  about  19  per  cent,  nearly  all  of  it  arising  from 
wear  of  wheels  and  tires.  Experimental  data  as  to  the  actual  effect  of 
either  grades  or  curvature  on  locomotive  or  car  repairs  are  very  few. 
Statistics  of  actual  expenditures  for  such  purposes  on  lines  differing  con- 
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siderably  in  grades  and  curvature  afford  no  assistance,  except  to  drive 
us  to  the  conclusion  that  curvature  has  little  or  no  effect,  as  we  have  al- 
ready seen  (par.  164). 

349.  We  may  get  at  the  probable  effect  of  curvature  on  engine  re- 
pairs a  little  more  definitely,  at  least  to  the  extent  of  checking  any  em)r 
of  consequence,  as  follows : 

The  ways  in  which  engine  repairs  are  affected  by  curvature  are  two: 

First, — and  more  important, — by  the  additional  wear  of  tires  and 
wheels. 

Secondly,  by  the  effect  on  wear  and  tear  of  the  additional  power  de- 
manded. 

The  last  is  an  inconsiderable  element,  because  the  additional  power 
demanded  by  the  curvature,  even  in  extreme  cases,  is  inconsiderable 
when  measured  in  foot-pounds.  Thus,  if  there  be  300°  in  a  mile. — which 
by  turning  to  Tables  loi  to  104,  page  259,  will  be  seen  to  be  a  very  large 
allowance, — this  amounts  to  less  than  a  continuous  6**  curve,  or  3  lbs.  per 
ton  continuous  addition  to  the  train  resistance.  On  descending  grades 
this  is  rather  a  help,  saving  the  use  of  brakes.  On  ascending  grades  of 
say  I  per  cent  the  normal  train  resistance  is  some  26  lbs.  per  ton,  and  3 
lbs.  per  ton  resistance  adds  but  12  per  cent  to  this.  As,  then,  only  31 
per  cent  of  the  cost  of  engine  repairs  (exclusive  of  running-gear)  varies 
directly  with  the  distance  run  on  tangent,  the  increase,  if  in  direct  pro- 
portion, would  be  only  0.12  xo.31  =  3.7  per  cent  for  300°,  or  say  7.5  per 
cent  for  600°  of  curvature,  so  far  as  this  cause  alone  is  concerned. 

The  maintenance  of  running-gear  (including  frames,  which  is  a  very 
small  item)  amounts  to  30  per  cent  of  the  total  cost  of  engine  repairs, 
but  of  this,  only  one  third,  or  10  per  cent,  can  properly  be  assigned  to 
the  eflfect  of  curvature  and  grades.  We  may  assume  that  two  thirds  of 
this,  or  d.'j  per  cent  of  the  total  cost  of  engine  repairs,  is  due  to  curva- 
ture. By  turning  to  Table  104,  we  shall  find  that  the  average  amount 
of  cur\'ature  on  an  average  railway  is  some  30°  per  mile.  On  a  contin- 
uous 11°  20' curve,  containing  600°  per  mile,  the  curvature  is  20  times 
this  amount ;  and  hence  on  such  a  mile  the  extra  cost  due  to  the  curva- 
ture would  be  6  X  20  =  120  per  cent  of  the  average  cost  of  eng^ine  repairs 
per  mile.  This  seems  to  be,  and  is,  a  rude  process;  but  it  may  be  further 
checked  as  follows  : 

350.  The  cost  of  maintaining  tires  average  on  trunk  lines,  like  the 
Erie  or  Pennsylvania,  about  ij  cts.  per  mile  run,  with  an  average  cost  o' 
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engine  repairs  of  some  6  cts.  as  a  minimum.  Their  average  curvature 
per  mile  is  some  50**.  The  above  allowance  (of  120  per  cent  addition  to 
the  total  cost  of  engine  repairs  by  600""  of  curvature)  is  equivalent  to  al- 
lowing that  with  continuous  11^  20^  curves  the  total  cost  of  running-gear 
maintenance  would  be  7.2  cts.  per  train-mile,  or  six  times  greater  than  it 
is  now,  on  an  average,  with  twelve  times  as  much  curvature.  While 
this  may  not  be  much  too  large,  it  is  certainly  ample.  See  also  the  fol- 
lowing data  (Table  114)  as  to  the  wheel  wear  of  cars  and  the  causes 
thereof. 


Table  114. 

PBftCENTAGBS  OP  WHXELS  RUOVBD  IN   1 884  ON  THX  NsW  YORK,  LAKE  ERIE 

&  Western  Railroad  for  Various  Causes  of  Each  One  of  Twenty- 
four  Different  Makes. 

(Out  of  a  total  of  some  5cx>,ooo  wheels  and  x8,ooo  removals.) 


Class  l^Six  Best 


Makers— aooreoatino  78.3  Per  Cent,  of  All  Wheels  in 

Service. 


I. 

2. 
3 
4 
S. 
6. 


ClACXED  AND  BROKaN. 

Shelled 

Sharp 

Slid 

Worn 
Flat& 

i 

1 

Total. 

Out. 

Flange. 

Flat. 

Worn 

Broken. 

Crack*d 

Toul. 

Out. 

I. a 

7. a 

8.4 

0.3 

4.8 

9.6 

76.9 

too. 

«.7 

6.8 

9-5 

«-7 

1.9 

22.9 

64.0 

100. 

0.5 

«4-9 

«5.4 

0.6 

Z.6 

25.9 

56.6 

xoo. 

S-3 

ZO   I 

>5.4 

0.7 

4.8 

29-7 

49.4 

xoo. 

•.0 

83. a 

as. a 

0.6 

3.6 

35.0 

36.6 

100. 

3.0 

ao.8 

938 

0.0 

x.a 

11.3 

63.7 

zoo. 

a.o 

la.a 

M.4 

0.7 

a. 7 

93.3 

60.x 

xoo. 

p.  C.  of 

Removalfl 

to  No.  in 

Service. 

385 

369 
7.40 

300 
2.28 

8  97 


4.39 


Class  a. — Six  Next  Best  Makers— agoreoatino  17.2  Per  Cent  of  Wheels  in 

Service. 


t. 

10. 

II. 

•la  . 


••4 

17.0 

19.4 

0.0 

6.9 

ao.8 

5a. 9 

ZOO. 

8.31 

::i 

la.a 

«4-7 

o.z 

x6.i 

30.4 

*?-7 

zoo. 

14-63 

30.8 

33.6 

o.x 

6.4 

3X.O 

t\ 

100. 

9.26 

«.5 

•7-9 

39.4 

o.x 

a. 9 

18.8 

zoo. 

10.88 

«-3 

X3-8 

xz.o 

0.3 

33.3 

33a 

32  3 

100. 

22.5 

3.» 

16.9 

0.0 

6.1 

40.1 

36.9 

zoo. 

8.33 

a.a 

•3-7 

•5-9 

O.I 

8.a 

31.  Z 

44-7 

zoo. 

70.94 
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Table  114. — Continued, 

Class  3.— Twelve  Worst  Makers— aooreoatino  owly  4.6  Per  Ce9t  of 

Wheels  in  Service. 


«3 

14 

••15 

•16 

•♦♦17  

••18 

♦♦19 

*ao 

•21 

as 

^  23 

•♦•24 

Average  . . . . 


.9 

71.9 

73.8 

0.0 

0.0 

•S.3 

13. 6 

xoo. 

3-4 

59.3 

63.7 

0.0 

0.0 

•3-7 

xoo. 

X0.4 

X9.6 

30.0 

0.3 

14.3 

11.9 

43-fi 

xoo. 

0.0 

0.0 

0.0 

0.0 

54fi 

45.4 

0.0 

xoo. 

6.3 

31.9 

38.3 

0.0 

«x.8 

17.8 

40.6 

xoo. 

4-9 

^■5 

19.4 

0.0 

S4-X 

38.7 

xoo. 

7.9 

8.6 

16.5 

0.0 

9-3 

143 

59-9 

xoo. 

X.6 

33.9 

«4-5 

0.0 

-! 

55.0 

xoo. 

6.0 

36.3 
88.8 

43.3 

0.5 

«7-4 

35*3 

xoo. 

o.a 

90.0 

0.0 

x.6 

70 

1-4 

xoo. 

5-8 

36.4 

33.3 

0.0 

8.9 

49.6 

»4-9 

xoo. 

7-5 

4-5 

12. 0 

0.0 

44.7 

34-4 

xoo. 

4.4 

37a 

41.6 

0.0 

13.4 

«o.3 

•5-7 

xoo. 

3-;« 
995 

^1 

xa.u 
X9.1 
76.9 
14-1 

»5« 

588 

30.16 


Boid-/ace  numbers  represent  makers  having  from 
Starred  numbers  indicate  the  smaller  makers,  vis.,  * 
500  in  service;  ***  less  than  300  in  service. 

Summary. 


to,ooo  to  50,000  wheels  eadi  io  Krvice. 
than  xooo  in  service;  **tetit]ua 


Per  cent  of  whole  number  in  service. . .. 

Broken 

Cracked 

Broken  and  cracked 

Shelled  out 

Sharp  flange 

Slid  flat 

Worn  flat  and  worn  out 

Total  removed . 

Per  cent  of  number  in  service  removed 


Six  Best 
Makexs. 


78.* 

a.o 
xs.s 


X4.S 
0.7 
••7 

60.x 


xoo.o 
4-39 


Six  Next 


17.S 

a. a 
•3.7 


as. 9 
o.x 
8.a 

ax.x 
44-7 


xoo.o 

10.94 


Twelve 
Worst 


4.6 

4.4 
37.  ■ 


4X.6 
0.0 
1S.4 
ao.3 
•5.7 


xoo.o 
ao.x6 


Av.ofaU 
00  Rosd. 


xoo.o 

•  4 
»9-4 


ax.8 

0.4 

58 

at.7 

50-3 


xoo.o 
6.SX 


PERCENTAGE  OF  TOTAL  NUMBER  IN  SERVICE  REMOVED  FOR  BACH  CAUSE. 


Per  cent  of  whole  number  in  service 

Broken 

Cracked 

Broken  and  cracked 

Shelled  out 

Sharp  flange 

Slid  flat 

Worn  flat  and  worn  out 

Total  removed 


Six  Best 
Makers. 


78.3 

0.09 
0.54 


0.63 
0.03 

O.X3 
0.98 
8.03 


4-39 


Six  Next 
Best. 


xj.a 
•.60 


•83 

o.ox 
0.89 
a.3x 
4.90 


X0.94 


Twdve 
Worst. 


4.6 

0.88 

7.50 


8.38 

0.00 
a. 50 
4.10 
5.S8 


ao.s6 


TocaL 


xoo.o 

0.15 

x.ao 


s*as 

0.0a 

o.s6 
«-» 
3*3 


6.n 
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WhQe  the  above  table  gives  valuable  and  trustworthy  indications  of  the  relative  quali- 
of  di£Ferent  makers,  it  gives  an  entirely  false  idea  of  the  absolute  qualities  of 
chilled  car  wheels^  unless  a  lai^e  allowance  is  made  for  the  fact  that  it  is 
modified  immensely  by  the  constant  annual  additions  of  new  stock.  This  is  immediately 
evident  in  the  total  number  removed  for  all  causes,  which  is  only  6.21  per  cent  of  those  in 
<wrvioe,  indicating  on  its  face  an  average  life  of  sixteen  years^  which  is  certainly  more 
than  twice  the  actual  average  life  of  wheels  on  the  road  in  question,  and  would  be  much 
more  than  twice  or  even  three  times  the  average  life  in  years,  except  that  the  average 
mileage  per  car  per  year  has  recently  been  very  low. 

An  average  life  of  eight  years  for  car  wheels  would  require  12^  per  cent  per  year  aver> 
4ige  renewals,  aigainst  only  6.ai  per  cent  actual  renewals — a  discrepancy  of  over  one  half. 
The  constant*  additions  of  new  rolling-stock  which  are  known  to  have  been  made  on  the 
road  are  the  only  apparent  cause  for  this  effect.  With  such  an  abnormal  proportion  of 
tiew  wheels,  the  proportion  of  failures  from  **old  age"  will  be  decreased,  and  hence  that 
the  proportiom  of  failures  from  acute  diseases,  such  as  cracked  or  broken,  will  be  abnor- 
mally increased ;  since  in  a  large  proportion  of  the  wheels  these  are  the  only  failures  which 
are  occurring. 

This  table  sheds  especially  valuable  light  on  the  cause  of  sharp  flanges.     It  will  be 
that  there  is  twenty  times  as  large  a  proportion  of  wheels  removed  because  of  sharp 
among  bad  wheels  as  good  ones,  and  that  with  good  makers  the  proportion  of 
removed  for  sharp  flanges  (3.7  per  cent,  and  that  on  a  very  crooked  road)  is  so 
as  to  indicate  that  bad  quality  of  the  wheel  itself  is  the  leading  cause  of  sharp  flanges. 
Of  bndcen  or  cracked  wheels,  only  about  one  quarter  break  in  the  flange  or  tread,  and 
rly  two  thirds  of  the  fractures  arise  from  the  bursting  strains  produced  by  forcing  the 
-wlieelson  the  axles. 


391.  Repairs  of  Cars. — In  Table  86,  page  203,  the  proportion  of  the 
cost  of  this  item  assignable  to  the  effect  of  grades  and  curvature  is  given 
as  some  23  per  cent.  Of  this  at  least  three  fourths  would  ordinarily  be 
assignable  to  the  effect  of  grades  and  only  one  fourth  to  curvature. 
Then,  proceeding  exactly  as  in  the  case  of  engine  repairs,  we  have  6  x  20 
=  120  per  cent  of  the  average  total  cost  of  car  repairs  per  mile  as  the  extra 
cost  due  to  600°  of  curvature.  This  estimate  is  certainly  large  enough, 
and  probably  considerably  too  large. 

An  exact  distribution  of  the  cost  of  rolling-stock  repairs  to  its  various 
causes  is  very  difficult,  because  the  expenses  are  not  ordinarily  kept  by 
items,  but  only  by  aggregates.  Some  recent  statistics  as  to  wheel  wear, 
however  (the  chief  and  almost  the  only  item  of  car  repairs  affected  by 
curvature),  given  in  Table  1 14,  afford  some  valuable  insight  into  the  causes 
which  destroy  them  most,  and  indicate  that  the  wear  from  curvature  is 
a  comparatively  minor  element. 

392.  Wear  of  Rails. — We  may  take  the  wear  of  good  rails  on 
carves,  as  an  average  of  their  whole  life,  at  about  \  lb.  per  10,000,000  tons 
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per  degree  of  curve,  or  certainly  not  more  than  this.  Observations  by 
the  writer  on  steel  rails  of  the  New  York,  Pennsylvania  &  Ohio  Rail- 
road, and  some  more  elaborate  investigations  on  the  Pennsylvania  Rail- 
road by  Dr.  Charles  B.  Dudley,  agree  in  indicating  this,  when  allowance 
is  made  for  the  fact  that  the  wear  is  not  at  a  uniform  rate  during  the 
whole  life  of  the  rail  (par.  313  et  seg.)^  but  is  perhaps,  rudely  speaking, 
only  one  fourth  of  the  total  during  the  first  half  of  its  life  and  three 
fourths  during  the  latter  half.  As  a  consequence,  as  already  pointed  ou: 
(par.  315),  the  wear  shown  by  an  investigation  of  a  lot  of  rails  of  the 
same  absolute  age  on  different  curves  will  apparently  indicate  a  ver>'  much 
greater  wear  on  sharp  curves;  but  this  appearance  is  deceptive. 

The  wear  in  tangents,  then,  being  (as  it  is)  about  i  lb.  per  10,000.000 
tons  duty,  the  wear  on  a  continuous  11°  20'  curve  will  be  i  lb.  x  iij  = 
5f  lbs.  per  mile  of  curve,  or  be  increased  567  per  cent  over  the  tangent 
wear.  But  this  is  assuming  that  the  tangent  rails  are  so  good  that  they 
will  need  renewals  only  from  the  effect  of  abrasion,  in  which  case  rails 
will  cost  only  about  ^ct.  per  train-mile. 

With  inferior  steel  rails,  as  formerly  with  iron  rails,  the  proportionate 
increase  of  wear  is  very  much  less  than  this,  owing  simply  to  the  fatt 
that  the  tangent  wear  is  so  very  much  greater.  The  additional  rail 
wear  on  curves  was  estimated  by  the  writer  in  the  first  edition  of  this 
treatise — and,  so  far  as  he  can  now  judge,  with  very  close  correctness— 
at  100  per  cent  increase  over  the  tangent  wear  on  an  11°  20'  curve.  The 
absolute  rate  of  abrasion  is  much  the  same  with  all  rails,  iron  or  steel, 
good  or  bad.  With  rails  that  fail  only  by  abrasion,  therefore,  the  curve 
wear  adds  a  large  percentage  to  a  very  small  total  cost.  With  rails 
that  mash  or  split  in  service,  the  curve  wear  becomes  a  much  smaller 
percenta<ije  of  a  much  larp^er  total. 

363.  Cross-ties. — The  effect  of  curvature  on  ties  has  been  much  de- 
creased by  the  introduction  of  steel  rails,  and  will  be  still  further  and  very 
largely  decreased  by  the  introduction  of  creosoted  ties.  Still  its  effect 
on  the  life  of  ties  is  considerable,  Several  years  of  the  tie's  life  must  be 
sacrificed  on  sharp  curves  because  the  holding  power  of  the  spike  be- 
comes too  little.  The  so-called  "  cutting"  of  ties  (par.  121)  is  also  greater 
on  curves,  and  mainly  on  the  outside  of  the  rail.  As  the  rail  wears  by 
flange  cutting,  moreover,  it  is  necessary  either  to  renew  the  rails  prema- 
turely or  to  throw  them  in  to  gauge.  The  effect  of  all  these  causes  to- 
gether to  shorten  the  life  of  ties  is  a  pure  matter  of  fact;  and  considerable 
observation  of  and  inquiry  as  to  practice  in  this  respect  indicates  that 
the  following  comes  very  near  to  the  average  life  of  white-oak  ties  on 
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sand  or  gravel  ballast,  imperfectly  drained — the    life  given  on  curves 
being,  if  anything,  too  short : 

On  a  tangent 9  years. 

On  a  2®  curve,    ..*...  8      '* 

On  a  6®  curve, 7 

On  a  10®  curve, 6 

On  a  14**  to*  i6*  curve,    ...  5      " 

From  this  we  may  conclude  that  the  cost  for  ties  on  an  11®  20'  curve 
(600**  per  mile)  is  about  50  per  cent  greater  than  on  a  tangent,  and  that 
the  increase  is  directly  as  the  degree  of  curvature  on  any  given  distance  ; 
or,  in  other  words,  is  uniform  per  degree,  whatever  the  radius. 

354.  Track  Labor  is,  as  a  matter  of  fact,  but  little  afifected  by 
curvature.  It  is  an  unusual  thing  to  see  sections  made  shorter  than 
others  on  this  account.  If  two  contiguous  sections  are  noticeably  differ- 
ent in  this  respect  it  is  not  unusual  to  take  a  quarter  or  half  a  mile  off 
one  and  add  it  to  the  other,  but  any  greater  difference  than  this  is  un- 
likely. Yet  comparing  the  conditions  which  would  exist  on  a  mile  of 
tangent  and  a  mile  of  11°  20'  curve,  it  might  not  unfairly  be  claimed  that 
there  would  be  a  difference  of  50  per  cent  in  the  cost  of  track  labor ;  and  to* 
avoid  that  very  objectionable  result,  an  underestimate  of  the  disadvan- 
tages of  curvature,  we  may  assume  this,  which  will  amply  cover  the  facts. 

3W,  Summing  up  the  various  Items  affected  by  Curva- 
ture, we  obtain  the  following  Table  115,  giving  the  assumed 
cflfcct  on  expenses  of  600°  of  curvature. 

The  total  cost  per  year  per  daily  train  of  i**  of  curvature  givem 
below,  Table  115  (43.3  cts.),  divided  by  the  rate  of  interest  om 
capital,  will  give  the  justifiable  expenditure  to  save  i**  of  curva- 
ture estimated  per  daily  train,  viz.: 

At    5  per  cent, 5^:433     _     $8.66. 

•*  ^  0.05  ^ 

At   8  per  cent, '  ^        =       5.41. 

At  10  per  cent, =       4.33. 

o.io  "'^ 

And  similarly  for  any  other  rate  of  interest;  this  being  assumed, 
as  heretofore,  not  to  be  a  precisely  accurate  result,  but  one  as 
exact  as  is  either  practicable  or  necessary  to  avoid  serious  errors. 
ax 
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Table  115. 
Estimated  Average  Cost  Per  Train-Mile  of  6oo'  of  Curvature. 

[Being  equivalent  to  a  continuous  ii**  20^  curve,  one  mile  long,  assumed  to  double  the 

average  train  resistance  in  lbs.  per  tons.] 

(Cost  of  train-mile  assumed  at  $1.00.) 


Itrm 
(As  per  Table  80.) 


Fuel 

Water 

Oil  and  waste 

Repairs,  engines , 

Switching-engines  service, 
Train  wages  and  supplies 

Repairs,  cars 

Car  mileage , 

Rail  renewals 

Adjusting  track 

Renewing  ties 

Earthwork,  ballast,  etc... 

Yards  and  structures 

Station  and  general 


Total  cost  per  train-mile  of  600" 
of  curvature  (cts.  or  per  cent). 


Average 

Cost  of  Item. 

Cts.  or  Per 

Cent. 


7.6 
0.4 
0.8 
5.6 
5.2 
15.4 
10. o 

2.0 
2.0 
6.0 

3.0 

4.0 

8.0 

30.0 


100. o 


Per  Cent  added  bjr 

600*  of  Curvature, 

as  above. 


SO  per  cent. 
25    •*       ** 
25    "       •' 
125    "       " 

Unafifected. 
I* 

120  per  cent. 
Unaffected. 

300  per  cent. 
50    •*       " 
50    *'      •• 
50    "       '• 
Unaffected. 


35.6  percent. 


Cost  due  to 
Curvature. 


3.8 
O.I 
0.2 
7.0 


12.0 


6.0 

3.0 
1.5 

2.0 


35.6 


35.6 


.0593  CL 


Cts. 


35.0 
Total  cost  per  train-mile  per  degree,  -j— 

Total  cost  of  I  •  of  curvature  per  year  per  daily  train  (.0593  ct.  x  36s  X  a)  =  43.3 

366.  The  similar  estimate  which  the  writer  made  in  the  first 
edition  of  this  treatise  gave  a  smaller  estimate  for  the  value  of 
curvature  than  this,  viz.,  22.5  cts.  instead  of  35.6  for  the  cost 
per  train-mile  of  600°  of  curvature — a  difference  of  over  50  per 
cent;  and  this  in  spite  of  the  fact  that  the  former  estimate  was 
for  the  most  part  on  an  iron-rail  basis.  The  only  positive  reason 
for  this  difference  is  that  the  writer  has  seen  reason  to  increase 
the  estimate  of  the  effect  of  curvature  on  rolling-stock  repairs, al- 
though a  chief  reason  has  been  to  ensure  that  the  estimate  was 
large  enough.  According  to  the  above  estimate,  the  total  cost 
of  a  train-mile  should  be  10  per  cent  greater  on  a  road  having  100** 
more  curvature,  which  is  the  most  that  the  evidence  warrants. 
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3S7.  To  illustrate  how  very  little  difference  any  probable  error 
in  the  above  estimate  can  make  in  the  justifiable  expenditure  to 
avoid  curvature:  Assuming  the  case  of  a  road  running  lo  daily 
trains  each  way,  the  justifiable  expenditure  to  save  i°  of  curva- 
ture, at  8  per  cent,  is  $54. 10,  and  to  save  20°,  $1082.00;  a  sum  which 
will  warrant  no  very  large  amount  of  work  to  avoid  it.     The 

ANKUAL  LOSS  TO  REVENUE  IF  IT   BE  NOT   AVOIDED  will  be 

43.3  cts.  X  10  trains  X  20°  =  $86.60; 

a  sum  sufficient  to  pay  for  perhaps  two  extra  trains  over  the  road 
during  the  year  or  for  running  7302  trains  instead  of  7300.  When 
the  effect  of  the  most  trifling  difference  of  grade  is  compared  with 
this  it  becomes  slight  indeed. 

398.  This  example  is  for  a  considerable  traffic  and  for  a  con- 
siderable amount  of  curvature,  to  save  at  one  point.  As  such 
it  well  illustrates  the  principal  purpose  of  such  estimates  as  we 
have  just  made.  It  is  not  to  avoid  errors  of  10,  20,  or  even  50  or 
100  per  cent  in  the  sums  spent  to  save  curvature;  for  we  cannot 
go  far  wrong  if  we  assume  either  $700  or  $800  or  $1200  or 
$1500  as  our  standard  value  for  such  an  amount  of  curvature, 
instead  of  $1058.  But  its  principal  purpose  is  to  save  us  from  the 
manifold  greater  errors  which  may  so  easily  result  from  follow- 
ing mere  guesswork  and  "judgment:"  from  spending  $5000,  or 
$10,000  to  gain  something  whose  true  value  lies  between  $700 
and  $1500,  as  has  been  done  in  many  cases  on  heavy  work;  or 
from  the  corresponding  error  of  introducing  10°  or  20**  of  curva- 
ture recklessly,  which  might  be  saved  at  trifling  cost,  or  perhaps 
at  no  cost  at  all,  by  a  little  more  care. 

399,  All  the  preceding  estimate  of  the  direct  cost  of  curvature 
has  been  based  upon  the  assumption  that  the  cost  per  degree 
was  for  the  most  part  uniform  for  all  curves,  independent  of 
radius;  i.e.,  that  the  cost  of  the  curvature  in  100  stations  of  i^ 
curve  was  essentially  the  same  as  that  in  10  stations  of  10^  curve. 
This  assumption  appears  to  be  unquestionably  justified  by  the 
facts,  but  the  reasons  why  it  is  so  are  considered  later,  in  Chap. 
XIX.,  page  638. 
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360.  A  particular  form  of  bad  practice  in  respect  to  curva- 
ture, and  one  of  the  most  prevalent  and  indefensible  of  the  minor 
errors  of  location,  is  a  weakness  for  very  long  tangents  and  a 
readiness  to  spend  money  to  secure  them.  A  reasonably  long 
tangent,  say  not  less  than  400  feet,  is  always  very  desirable,  if  not 
absolutely  essential,  in  order  to  taper  out  the  superelevation  and 
afford  room  for  proper  transition  curves;  but  beyond  this  there 
is  no  justification,  theoretical  or  practical,  for  expending  more 
than  a  very  small  sum  to  avoid  any  number  of  short  and  gentle 
curves.  The  difference  in  distance  resulting  from  even  very  con- 
siderable and  frequent  breaks  in  a  tangent  is  too  trivial  to  be  a 
serious  consideration  on  lines  of  small  traffic  (although  it  may 
look  as  if  it  were  considerable,  especially  on  the  ground;  see 
Chap.  XXVIIL),  and  the  same  is  at  least  equally  true  of  the 
curvature.  Thus  let  us  suppose  that  there  is  a  section  of  a  mile 
and  a  half  out  of  one  of  those  four-  or  five-mile  tangents,  ia 
moderately  difficult  country,  for  which  the  following  curved 
alignment  may  be  substituted  with  some  economy  in  first  cost: 


Curves. 

Central 
Angle. 

Total  Length  of 

Tangenu  between 

Intenectiooi. 

i"  Z    for  300  ft. 
i^**  R  '•     600  •' 
2"  Z     ••     600  " 
2°  R    **     500  " 
2°  z    ••    200  ** 

Total 

1 

10° 

4* 

2,500  ft. 
a.500  " 
2,000  " 
I.IOO   " 

38* 

8,100  ft. 

Such  an  alternate  alignment  would  perhaps  have  the  effect  of 
reducing  a  succession  of  considerable  cuts  and  fills  materially. 
How  much  does  it  damage  the  operating  value  of  the  line  ? 

The  difference  in  distance  is  as  nearly  as  maybe  23  feet  in 
about  8350.  The  amount  of  curvature  introduced  is  38°.  Then 
to  an  hypothetical  line  running  10  trains  per  day  each  way  and 

*  Note  to  Tadle  ii6.— Near  the  Pittsburg  Sution  on  the  Penniylvania  Railroad  is  J 
curve  of  219  feet  radius  on  the  main  line.  At  a  freight-house  in  tiw  suae  chf  ii  a  carve  aC 
137.6  feet  radius,  around  which  22  cars  are  pulled  by  one  engine. 
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paying  8  per  cent  for  capital  the  value  of  the  difference  would 


33  feet  distance  at  (possibly)  0.30  cts.  X  10,    $69  00 
38**  curvature  at  $5.41  X  10, 2,055  ^o 

Total, $2,124  So 

Many  a  tangent  has  been  broken  up  improperly  to  effect  less 
saving  than  this;  but,  on  the  other  hand,  a  saving  of  8000  to 
lOyOoo  cubic  yards  of  excavation  is  enough  to  balance  it;  and  if 
we  reduce  the  estimated  traffic  by  two  thirds  or  three  quarters, 
in  ail  ordinary  country  the  saving  by  breaking  up  the  tangent 
would  far  more  than  justify  doing  so,  even  in  light  work,  for  the 
above  figures  fully  represent  every  measurable  disadvantage 
from  a  moderately  curved  line  of  that  character. 

Especially  if  the  general  character  of  the  work  is  heavy,  the 
caution  of  par.  14  becomes  of  vital  moment  on  such  alignment 
if  the  most  careful  engineer  would  avoid  error. 

Table  116.  ♦ 
Sharpest  Curves  in  Regular  Use  on  Standard-Guage  Roads. 

(Chiefly  from  a  list  published  in  the  Railroad  Gazettt  of  Oct.  4,  1878.) 


ROAO. 


N.  v..  New  Haven  ft  Hartford. . . . 

Lehigh  ft  Susquehanna 

*«  «t 

Baltimore  ft  Ohio 

**  •• 

**  M 

M  M 

Oroya  Railroad 

Virginia  Central  

Pennsylvania  Railroad  tracks 

Pittsburg,  Fort  Wayne  ft  Chicago 

Canarsie  ft  Rockaway 

Brooklyn,  Bath  ft  Coney  Island.. 

Manhattan  Elevated 

Petersburg,  Va 


Locality. 


Springfield,  Mass 

Upper  Divisions 

Stony  Creek , 

Butler  Branch 

Harper's  Ferry,  Md.  side 

Ilchester 

Harper^s  Ferry,  Va.  side , 

Y  ^or  Consolidation  Engines. . , 

In  Peru , 

Over  Rockfish  Gap  Tunnel . . .  . 
it  tt  tt         ii 

Centennial  Grounds 

Pittsburg 

Brooklyn 

t* 

New  York  City J 

U.  S.  Military  Railway 


Sharpest  Curvb. 

Radius. 
Ft. 

Degree. 

410 

X4' 

383 

15* 

320 

i8» 

310 

i8»  3a' 

400 

U^aa* 

375 

iS^ao* 

300 

i9*»xo' 

136 

43* 

395 

14'  3a' 

300 

19*  lo' 

a38 

a4'  X5' 

300 

19*  xy 

346 

a3'3</ 

»75 

33*  15' 

55  to  las 

90,  100,  X03.5, 
"5,  «50 

[  63« 

50 
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The  curve  last  given  was  thus  described  in  a  discusdon,  by  Mr.  C.  L.  McAlpine,  oft 
paper  by  Mr.  S.  Whinery  (Trans.  Am.  Soc.  C.  E.,  1876),  and  is  one  of  the  most  remark* 
able  on  record : 

*'  Petersburg  and  Richmond,  Virginia,  fell  into  the  hands  of  the  Federal  troops  near  the 
close  of  the  war.  The  base  of  the  latter  for  many  months  had  been  at  City  Point,  on  the  Jama 
River. 

"  Early  one  morning  imperative  orders  were  received  to  run  the  trains  of  the  United  Statei 
Military  Railways  into  Petersburg  with  the  least  possible  delay.  This  was  done  by  noon  of 
the  same  day,  under  circumstances  that  would  be  most  interesting,  but  foreign  to  the  subjea 
under  discussion. 

"  This  order  was  followed  up  by  another— that  railroad  communication  with  Richmood 
should  be  effected  at  once. 

**  The  railroad  bridge  at  Petersburg,  over  the  Appomattox,  had  been  burned.  No  coonec- 
tion  at  that  place  had  ever  been  made  in  peace  times,  and  the  first  eaammations  showed  that 
heavy  excavations,  etc.,  requiring  timt  (for  which  the  department  never  made  allowance), 
must  be  made,  before  any  reasonable  connection  with  the  Richmond  line  could  be  effected. 
This  drove  the  engineer  in  charge  into  the  apparently  inadmissible  cunre  adopted. 

**  Contrary  to  the  advice  of  trackman  and  bridge-builders,  a  sharp  curve  was  laid  out,  ol 
more  than  one  hundred  dcs^rees,  with  a  radius  of  fifty  feet,  on  what  was  to  become  the  main 
line.  The  curve  was  on  trestle-work,  and  the  outside  posts  were  framed  eig^ht  inches  longer 
than  the  inner  ones.  The  ties  were  of  sound  white  pine,  three  Inches  in  thickness,  and  the 
rails  were  double  spiked.    Two  guard  rails  were  used,  also  double  spiked. 

*■''  The  locomotive  engineers  generally  condemned  the  bridge  and  cunre  at  first  sight  after 
completion,  and  a  strong  prejudice  was  created  against  it.  But  the  writer  selected  the  wont 
curve-following  engine  in  the  service,  the  *  Government,'  and  ordered  her  to  make  the  first 
trial. 

*'  Walking  backwards,  and  in  front,  as  this  engine  slowly  made  its  way,  it  was  easy  to  per- 
ceive her  action  on  this  sharp  curve. 

**  A  little  pressure  on  the  outer  rail  seemed  to  drive  the  wheels  (both  of  the  trucks  and 
drivers)  down  on  to  the  inner  rail,  and  demonstrated  practically  what  had  been  intend^,  that 
the  trains  must  be  passed  through  ihe  curve  at  greater  speed. 

"  Thereafter,  when  the  locomotive  men  became  accustomed  to  the  cunre,  the  speed  through 
it  was  usually  from  eight  to  ten  miles  an  hour. 

*'  A  very  large  traffic  passed  over  this  curve  for  months  afterwards,  supplying^  the  armies  of 
occupation  in  Richmond,  and  at  other  points  to  the  southward,  and  no  accident  or  trouble 
whatever  was  experienced  at  the  place  in  question." 

On  the  4  per  cent  g:rades  of  the  Mexican  Railway,  reversed  curves  of  150  ft.  radius  on 

temporary  track  around  tunnels  were  operated  by  ordinary  locomotives  for  a  year  or 

more  at  its  first  opening,  and  many  other  cases  of  such  temporary  use  of  verj-  sharp 

curves  might  be  adduced.     All  of  the  above  curves,  however,  are  in  permanent  track,  al- 

tliough  most  of  them  are  in  localities  where  it  is  convenient  to  operate  them  at  very  stow 

speeds.     The  sharpest  curves  on  the  open  road  of  three  of  the  trunk  lines  are  : 

New  York,  Lake  Krie  &  Western, lo* 

Pennsylvania, 8* 

Baltiniore  &  Ohio, 9*  30* 

The  first  of  these  curves  is  a  reversed  curve  at  Passaic,  a  few  miles  out  of  New  York, 
and  an  enormous  traffic  p^isses  over  it.  It  could  be  taken  out  at  very  moderate  expense^ 
but  has  not  proved  siiffiriently  objectionable  to  make  this  appear  worth  while.  The  New 
York  Central  ha?  one  very  sharp  curve  of  about  14®  on  its  main  line,  but  in  a  yard 
where  speed  is  slow. 

Xarro7v-^aui;c  roads  have  rarely  used  sharper  than  24*  curves  in  any  part  of  the 
world,  altljouj;h  a  few  as  sharp  as  30*'  are  in  use  in  Colorado  and  elsewhere. 


.A 
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CHAPTER  IX. 

RISE    AND    FALL. 

961.  The  expense  of  gradients,  as  we  saw  in  part  in  Chapter 
VI.,  arises  from  two  causes,  which  are  totally  distinct  and  must 
be  kept  so  to  form  any  correct  estimate  of  their  cost  or  of  their 
proper  adjustment.  The  association  between  them  is  accidental. 
The  distinction  between  them  is  vital  and  fundamental. 

The  first  of  these  causes  is  the  direct  cost,  for  wear  and  tear 
and  fuel,  of  ascending  to  and  descending  from  any  given  eleva- 
tion, instead  of  running  on  a  level ;  in  other  words,  the  cost  of 
RISE  AND  FALL.  This  is  the  branch  of  the  subject  that  we  pro- 
pose now  to  consider. 

The  SECOND  objection  to  gradients  is  the  effect  which  the 
maximum  or  rather  ruling  grade  (since  the  ruling  grade  may, 
owing  to  the  effect  of  variations  of  velocity,  be  either  greater  or 
less  than  the  nominal  maximum  of  the  profile)  has  to  increase 
the  cost  of  operating  the  entire  line,  however  short  the  ruling 
grade  itself  may  be,  not  by  increasing  the  direct  expense  per 
train-mile,  but  by  limiting  the  number  of  cars  to  a  train. 

362.  This  latter  objection  to  gradients  (i.e.,  to  one  particular 
gradient,  the  worst  one  on  the  line)  is  greatly  more  important 
than  the  former,  but  it  has  no  real  connection  with  it  whatever, 
being  different  both  in  its  nature  and  in  its  effect  in  detail  on  the 
operating  expenses. 

In  fact,  it  is  not,  properly  speaking,  an  attribute  of  gradients 
at  all,  except  that,  owing  to  the  limitations  of  the  locomotive 
engine,  gradients  happen  to  be  the  most  usual  cause  which 
limits  the  weight  of  trains.  But  this  is  not  invariably  so.  Some- 
times curvature,  and  not  gradients,  is  the  limiting  agent.  For 
example,  the  Hudson  River  Railroad  probably  approaches  the 
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nearest  to  being  on  a  direct  level  throughout  of  any  line  of  its 
length  in  the  world,  yet  in  laying  out  that  line  the  locating  en- 
gineer  has  freely  introduced,  upon  slight  occasion,  short  gra- 
dients of  0.3  to  0.5  per  cent  (15  to  25  ft.  per  mile),  which  could 
have  been  avoided  at  slight  expense ;  and  wisely  so,  because  the 
unavoidably  sharp  curvature  of  the  line  effectually  limits  the 
weight  of  trains  to  such  as  is  easily  hauled  on  a  considerable 
gradient.  Up  to  a  certain  grade,  therefore,  curvature  takes  on 
this  line  the  place  of  gradients  as  a  limiting  agent.  Had  the 
topography  of  the  Hudson  River  permitted  such  an  alignment  as 
that  of  the  Canada  Southern  Railway,  for  example,  which  has 
no  curvature  to  speak  of,  a  very  great  expenditure  might  have 
been  justifiable  to  eliminate  these  same  gradients  which  have 
thus  been  freely  and  wisely  introduced. 

363.  And  if  at  some  time  in  the  future  the  locomotive  engine 
should  be  so  improved,  or  such  new  motor  discovered,  as  to  be  able 
to  exert  an  indefinitely  varying  power  according  to  the  need  at 
various  points  on  the  line  (even  if  the  cost  for  power  were  no 
less  per  foot-pound  than  now),  all  objections  to  both  grades  and 
curvature  except  such  as  is  inherent  in  them — the  resulting 
wear  and  tear  and  waste  of  fuel — would  disappear,  and  they 
might  be  introduced  with  great  freedom  ;  for  neither  of  them 
would  then  have  in  addition  to  their  own  inherent  disadvantages 
the  further  effect  of  limiting  the  weight  of  trains. 

The  strength  of  couplings  would  then,  perhaps,  become  the 
limiting  agent,  and  all  that  great  value  which  now  attaches  to  the 
reduction  of  the  rate  of  grades  would  be  taken  bodily  from  it 
and  transferred  to  securing  the  strongest  possible  coupling.  The 
direct  cost  of  the  rise  and  fall  on  those  gradients,  however  (its 
effect  to  cause  wear  and  waste  power),  might  remain  entirely  un- 
affected. 

Some  radical  change  of  this  kind  seems  possible — it  might  almost  be 
said  imminent — from  the  development  of  electricity  as  a  motive-power. 
An  electric  motor  so  simple  that  it  could  be  applied  to  each  axle  of  every 
car  would  revolutionize  the  art  of  laying  out  and  operating  railways. 

364,  To  put  into  technical  terms  the  whole  distinction  between  rise  and 
fall  proper  and  limiting  ctTect  on  trains.  The  cost  of  rise  and  fall  bears  a 
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closc;ly  approximate  ratio  to  the  foot-pounds  of  work  required  to  lift  a 
train  a  feet  high,  which  is  independent  of  the  rate  of  the  grade.  Any  new 
electrical  or  other  motor  might  and  probably  would  leave  the  cost  of 
power  per  foot-pound — which  is  a  small  matter  as  it  is — entirely  unaf- 
fected. But  the  great  objection  to  heavy  gradients  on  railways  as  at 
present  operated  lies,  not  in  their  efifect  to  increase  the  foot-pounds  of 
^fork  to  be  performed,  but  in  the  increase  which  they  cause  in  thepounds 
of  tension  which  the  locomotive  is  required  to  exert  while  on  them.  The 
pounds  of  tension  which  the  locomotive  can  exert  being,  from  its  con- 
struction, strictly  limited,  we  are  obliged  to  increase  the/f^/  passed  over 
in  surmounting  elevations  (i.e.,  to  reduce  the  rate  of  gp-ade)  by  every  pos- 
sible device,  and  at  large  expense,  in  order  to  enable  the  locomotive  to 
pull  large  trains. 

This  lack  of  adaptability  in  the  locomotive,  i.e.,  inability  to  exert  any 
pull  whatever  if  the  speed  be  reduced  enough,  or  to  give  any  speed  what- 
ever if  the  resistance  be  reduced  enough,  is  its  greatest  mechanical  defect. 
A  partial  remedy  has  been  found  in  rack  railways,  etc.,  as  noted  in 
Chap.  XI. 

365.  It  therefore  results  that  the  cost  of  a  ruling  grade  is 
directly  as  the  rate  of  grade  and  independent  of  its  length  or  of 
the  elevation  surmounted,  while,  per  contra,  the  cost  of  rise  and 
fall  is  directly  as  the  elevation  surmounted,  and  (within  moder- 
ate limits)  independent  of  the  rate. 

366.  This  contrast  alone  is  enough  to  show  the  radical  dis- 
linction  between  them ;  but  while  the  distinction  is  readily 
enough  admitted  in  the  abstract,  it  is  frequently  confused  in 
practice,  and  such  a  practical  confusion  of  these  two  wholly  dis- 
tinct objections  to  gradients  destroys  the  value  of  any  discus- 
sion or  estimate  of  either,  and  forbids  any  clear  understanding 
of  the  proper  adjustment  of  grades  ;  leading,  on  the  one  hand, 
to  very  erroneous  theories  that  "undulating  gradients"  (in  other 
words,  mere  surface  roads  on  any  convenient  grade)  are  not 
seriously  objectionable, — which  in  some  cases,  on  some  parts  of 
a  line,  may  be  very  nearly  the  case, — and,  on  the  other  hand,  to 
equally  mistaken  expenditures  to  introduce  as  long  and  as 
nearly  level  g^des  as  possible  at  all  points  of  the  line  indiscrim- 
inately.    The  latter  is  a  particularly  dangerous  and  common 
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error.     By  trusting  chiefly  to  one's  impressions  or  "  experience" 
in  such  matters,  habit  may  make  it  a  second  nature  to  reduce  all 
grades  as  much  and  as  speedily  as  possible,  and  to  stretch  out 
the  longest  piece  of  thread  which  can  be  made  to  lie  on  the  pro 
file  in  fixing  the  grades.     A  thousand  feet  further  is  not  far  on 
the  profile,  but  it  often  entails  a  considerable  expense  for  con- 
struction to  no  purpose  whatever.     On  the  other  hand,  the  con- 
trary error — an  undiscriminating  readiness  to  use  "  undulating 
grades" — has  seriously  reduced  the  value  of  more  miles  of  railway 
in  the  Western  United  States,  perhaps,  than  all  the  other  causes 
combined ;  because,  unfortunately,  nature  has  left  it  possible  in 
that  region  to  run  almost  from  anywhere  to  anywhere  in  very 
nearly  an  air-line  if  we  are  willing  to  accept  what  are  euphem- 
istically called  "  moderate"  grades  of  25  to  75  feet  per  mile ;  in- 
stead of  the  dead  level,  or  nearly  that,  which  in  many  cases  was 
equally  easy  to  obtain  by  moderate  deviations  from  some  "50- 
mile  tangent." 

367.  To  some  extent  the  cost  of  rise  and  fall,  as  well  as  the 
limiting  effect  of  gradients,  depends  upon  the  rate  of  grade,  for 
it  must  be  divided,  as  respects  cost  and  disadvantages,  into  three 
quite  distinct  classes,  according  to  the  grades  on  which  it 
occurs. 

These  classes  are : 

A.  Rise  and  fall  on  grades  so  light  or  so  situated  as  never  to 
require  the  use  of  brakes  nor  variations  in  the  power  of  the 
engine. 

B.  Rise  and  fall  on  grades  heavy  enough  to  require  the 
slight  use  of  brakes  or  shutting  off  steam,  or  both,  in  descend- 
ing, but  not  such  as  to  be  a  serious  tax  upon  the  engine  in 
ascending. 

C.  Rise  and  fall  on  maximum  grades,  requiring  the  full  power 
of  the  engine  in  ascending,  with  more  or  less  use  of  sand,  danger 
of  slipping  drivers,  and  the  use  of  brakes  m  descending. 

To  which  one  of  these  classes  any  given  grade  will  belong, 
will  depend  in  good  part  upon  the  general  character  of  the  line ; 
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but  as  between  the  classes  themselves  there  is  a  marked  and 
decided  difference  in  cost,  in  passing  from  one  to  the  other. 

In  order  to  determine  the  method  by  which  they  may  be  cor- 
rectly distinguished  from  each  other,  it  will  be  necessary  ta 
consider  now  one  of  the  most  important  departments  of  the 
subject  of  ruling  or  limiting  gradients,  as  well  as  of  rise  and 
fall,  viz.: 

THS  LAWS  OF  ACCELERATED  AND  RETARDED  MOTION,  AND  THE 
EFFECT  THEREOF  ON  THE  MOVEMENT  OF  TRAINS. 

d6S>  We  cannot  go  into  the  general  theory  of  this  question  as  fully  as 
miglit  be  desirable,  because  the  final  results  of  such  a  discussion,  which  we  shall 
need  to  use,  will  be  In  so  simple  a  form  that  any  one  can  use  them  almost  me- 
chanically. The  student  is  urgently  recommended,  if  not  already  familiar  with 
the  general  laws  of  mechanics,  to  study  and  master  the  elementary  principles  at 
least  of  theoretical  mechanics,  which  it  requires  no  great  labor  to  do.  Almost 
any  treatise,  thoroughly  mastered,  will  suffice,  but  Todhunter's  **  Mechanics 
for  Beginners"  (the  title  being  somewhat  misleading)  is  particularly  useful  for 
those  who  desire  to  go  thoroughly  into  the  subject,  and  test  their  knowledge  by 
example.  Id  this  respect  Todhunter's  entire  mathematical  series  are  quite  un- 
equalled. A  fair  but  in  some  respects  deficient  general  idea  can  be  obtained 
from  Trautwine's  *'  Pocket-Book,"  which  may  be  assumed  to  be  in  the  hands  of 
every  engineer.  The  writer  knows  of  no  treatise  in  which  the  important  prac- 
tical applications  of  these  general  principles  which  we  are  about  to  discuss  are 
more  than  obscurely  hinted  at. 

369*  A  railway  train,  or  any  other  body,  acted  upon  by  any  force  or 
any  number  of  forces,  as  gravity,  the  tractive  power  of  the  locomotive, 
friction,  etc.,  which  are  for  the  time  being  uniform  in  their  action  and 
yet  do  not  exactly  balance  and  destroy  each  other,  is  under  the  condition 
technically  known  as  uniformly  accelerated  or  retarded  motion,  the  laws 
of  which  are  the  same  as  for  a  body  falling  freely  in  a  vacuum,  acted  upon 
by  gravity  alone.  Rather,  the  latter  also  is  but  one  particular  case  of  a 
general  law. 

When  one  of  the  forces,  as  train  resistance  or  air  resistance,  is  not 
constant,  but  increases  or  decreases  with  the  velocity,  the  body  will  not 
be  governed  by  the  laws  of  uniformly  accelerated  motion,  but  by  laws 
much  more  complicated.  Within  moderate  limits,  however,  and  within 
limits  sufficiently  broad  for  our  present  purposes,  the  motion  may  be  as- 
sumed to  be  uniformly  accelerated  or  retarded  without  sensible  error,. 
and  we  shall  so  consider  it,  except  where  otherwise  explicitly  stated. 
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370.  All  energy  or  work  communicated  to  any  body  must  be  era- 
ployed  either  (i)  in  overcoming  f fictional  or  other  resistances,  or  (2) 
stored  up,  so  to  speak,  within  the  body,  in  the  form  of  an  increase  of 
velocity.  The  energy  so  stored  up  is  reconvertible  into  work  at  any 
time  without  loss,  and  its  amount,  for  any  given  velocity,  may  be  very 
simply  determined  by  formula,  or  instantly  from  a  table  (Tables  117  and 
118). 

371.  To  determine  by  formula  the  work  represented  by  a  given  ve- 
locity, or  the  velocity  attainable  by  a  given  amount  of  work :  It  was 
found  experimentally  long  since — by  Galileo,  at  the  leaning  tower  of 
Pisa — that  a  body  falling  freely  toward  the  earth,  with  no  opposing  re- 
sistances to  impede  its  motion  (in  other  words,  a  body  continually  acted 
upon  by  a  force  equal  to  what  we  term  its  weight),  will  fall  through  16.08 
feet  in  one  second  of  time  (in  the  latitude  of  Italy  or  New  York,  16.04  at 
the  equator,  16.095  ^^  London,  51°  31'  N.;  16.127  at  80°  N.),  and  will  then 
be  moving  with  a  velocity  of  twice  its  average  velocity,  or  32.16  feet  per 
second.  In  the  second  second  the  velocity  previously  acquired  will  carry 
it  through  32.16  feet,  and  the  continuous  action  of  the  original  force  will 
carr}^  it  through  an  additional  distance  of  16.08  feet,  and  communicate  an 
additional  velocity  of  32.16  feet  per  second,  making  the  total  distance 
fallen  through  in  the  second  second  48.24,  and  the  final  velocity  acquired 
64.32  feet  per  second.  By  this  process,  which  can  be  varied  in  many 
ways,  and  which  was  in  the  beginning  purely  empirical,  the  general  laws 
have  been  determined  which  may  be  summarized  thus: 

The  total  time  being  as  i,  2,  3,  4,  etc.,  the  velocity,  either  average  or 
final,  will  be  as  I,  2,  3,  4,  etc.  The  total  spaces  passed  through  will  be  as 
the  square  of  the  velocities,  or  i,  4,  9,  16,  etc.,  and  the  si>aces  for  each 
time  as  I.  3,  5,  7,  9,  etc.  The  final  velocity  is  always  twice  the  average 
velocity. 

The  height,  =  //,  through  which  a  body  must  fall  to  acquire  a  velocity 
of  V  feet  per  second  is 


^g  "64.32' 

or  to  acquire  a  velocity  of  V  miles  per  hour;  since  v  =  ~ — ^r  V, 

52S0   \   __, 


F' 


_        ^60  X  60, 

^'  = 6^ =  °-°3344S  V\ 
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372.  Why  the  constant  32.16  above  noted  should  be  precisely 
what  it  is,  instead  of  22.16  or  42.16,  is  unknown,  and  science  does  not 
even  tend  to'determine  it;  but  it  is  known  that  this  constant,  which  is 
called  the  ACCELERATION  OFCRAViTY^^ill  vary  difectly^wkh^thc^'force. 
if  the  latter  be  greater  or  less  than  gravity;  so  that' with  this  change 
made,  the  fonnula  is  of  general  application  to  a  body  acted  on  by  any 
uniformly  accelerating  force  whatever. 

373.  From  this  formula  Table  117  is  calculated.  It  gives  at  once  the 
velocity  in  miles  per  hour  which  will  be  acquired  by  a  train  (or  any  other 
body)  falling  without  frictional  resistance  through  a  given  vertical  dis- 
tance (acted  oa.hy  a  force  equal  to  its  weight  for  a  given  distance)  and 
hence,  conversely/ the  vertical  distance  through  which  momentum  alone 
will  lift  the  train  moving  at  any  given  velocity  against  the  force  of  grav- 
ity. Nothing  more  than,  this  table  and  a  general  understanding  of  „  the 
subject  is  needed  to  solve  all  ordinary  problems  connected  with  location 
arising  from  variations  of  velocity,  except  for.  one  detail,  which,  makes 
Table  1 18  the  better  one. to  use. 


Table  117. 

HuGHT  iw  Vertical  Feet  through  which  a  Body  must  Fall  to  acquire 

A  Given  Velocity  in  Miles  Per'Hour. 

Or  the  height  through  which  the  energy  due  to  that  velocity  will  lift  the  body  against 

gravity  only  before  it  comes  to  rest. 


MiLBS 

Psa 

HOUK. 

le. 


30.. 


0. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

0.00 

0.03 

0.13 

0.30 

0-54 

0.84 

i.ao 

1.64 

3.14 

3-34 

4.05 

4.8a 

5.65 

6.55 

7-5a 

8.56 

9.67 

10.84 

13.38 

«4.75 

16.19 

17.69 

19.36 

so. 90 

33.61 

84.38 

36.3:t 

30.10 

3«-«4 

34. as 

3^.  4a 

38.66 

40.97 

43  34 

45.78 

48.29 

53-5« 

56.93 

58  99 

61.84 

64-75 

67.7a 

70.77 

.73.88 

77.05 

83.61 

.B6.99 

90-43 

93-94 

97.5a 

"  10X.17 

104.88 

108.66 

112.50 

9. 


3.71 
12.07 
28.13 

50.87 

80.30 

1x6.4a 


Fonnula 


/  Sa8o  y 
.^      V6ox6oy 


F*  ^  miles  per  hour) 


64.32 


=  0.033445^*. 


For  computations  connected  with  the  movement  of  trains  the  following  Table  118 
should  be  used. 

374.  The  formula  of  par.  371  assumes  that  the  body  is  in  motion  as 
a  whole,  but  that  its  parts  are  at  rest  relatively  to  each  other.     In  a  mov- 


/ 
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ing  train  this  is  not  so;  for  the  wheels  and  axles,  in  addition  to  their  for- 
ward motion,  are  in  rapid  rotation,  so  that  additional  energy  is  stored  up 
within  them  as  in  so  many  fly-wheels.  To  put  the  same  truth  in  another 
way :  Each  particle  in  the  wheels  and  axles  (except  on  the  axis)  moves 
more  feet  per  second  through  space  (albeit  in  a  curved  path)  than  the 
train  as  a  whole,  so  that  they  necessarily  have  more  energy  stored  within 
them. 

The  energy  due  to  the  rotation  of  the  wheels  and  stored  up  in  them 
as  in  a  fly-wheel  is  usually  computed  separately  from  that  which  they 
have  in  common  with  the  rest  of  the  train,  when  it  is  computed  at  all; 
but  for  all  purposes  in  connection  with  the  motion  of  trains  for  which 
the  one  is  required  to  be  known,  the  other  may  be  said  to  be  also,  and  in 
Table  1 18  the  two  are  included  together.  If  the  wheels  were  not  in  con- 
tact with  the  rails,  but  were  mounted  like  fly-wheels  within  the  car,  they 
would  exercise  no  effect  upon  the  forward  motion  of  the  train.  After 
the  train  had  been  brought  to  a  stop  they  would  continue  to  spin  around 
indefinitely  until  stopped  by  their  own  friction;  but,  being  in  contact 
with  the  rails  (or  if  mounted  on  the  body  of  the  car  and  connected  with 
the  wheels  by  gearing),  they  act  very  effectually  to  carry  the  train  along 
just  so  much  farther,  in  the  same  way  as  the  rotating  fly-wheel  on  the 
little  toy  locomotives,  which  almost  every  one  has  seen,  causes  the  latter 
to  move,  being  in  that  case  the  only  motive-power. 

375.  The  amount  of  energy  in  any  rotating  body  is  determined,  as  may  be 
seen  in  any  treatise  on  mechanics,  by  determining  the  position  and  velocity  of 
a  point  called  the  centre  of  gyration,  which  is  the  point  at  which,  if  the  whole 
mass  of  the  rotating  body  were  concentrated,  any  g^ven  force  would  commnni- 
cate  the  same  velocity  of  rotation  as  it  does  to  the  actual  body.  Motion  in  a 
circular  or  other  curved  path  at  any  given  linear  velocity  means  the  accumula- 
tion of  the  same  amount  of  energy  as  if  the  body,  as  a  whole,  were  moving  in  a 
right  line  at  the  same  velocity,  and  if  the  body  be  both  revolving  and  moving 
forward,  like  the  wheels,  the  two  are  separate  and  in  addition  to  each  other. 

376.  The  manner  of  determining  this  radius  of  gyration  it  is  needless  to  go 
into  in  detail.  According  to  the  pattern  of  wheel,  it  will  vary  between  0.7  and 
o.S  of  the  actual  radius,  being  in  car  wheels  nearer  0.7  and  in  locomotive  drivers 
fully  0.8.  Assuming  a  minimum  radius  of  0.7,  it  will  be  plain  that  points  01 
that  circle  are  rotating  with  a  linear  velocity  of  0.7  times  the  velocity  of  the 
train,  and  hence  that  the  rotative  energy  only  of  the  wheels  will  be  0.7*  ora49 

in  round  numbers  one  half  that  due  to  the  forward  motion  of  the  wheels  in 

common  with  the  rest  of  the  train.  Really  it  should  be  a  little  more  than  this 
even  figure  for  ordinary  patterns  of  wheels,  and  in  locomotives  it  is  iully  six* 
tenths. 
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Estimating  ordinary  car  wheels  to  weigh  2^  tons  per  8- wheeled  car,  or  561 
pcmnds  per  wheel,  the  ratio  of  the  weight  of  the  wheels  to  the  total  weight  will 
l>e  about — 


Weighing 

Per  cent  of  weight  of  wheels 

Making  an  addition  to  the  total 
energy  of  the  train  of  about... . 


In  K  Passenger 

or  Loaded 

Freight  Car. 


22^  tons. 
10  p.  C. 

5  p.  C. 


In  an  Empty 
Freight  Car. 


9  tons. 
25    p.  c. 

I2i  p.  c. 


In  Locomotive  and 
Tender. 


10  to  I2i  p.  C. 
6  to    7i  p.  c. 


We  may  say,  therefore,  that  the  rotative  energy  of  the  wheels  will  add 
about  6  per  cent  as  a  minimum  to  the  accumulated  energy  or  "  velocity  head  " 
of  the  train  as  a  whole,  in  the  case  of  ordinary  passenger  or  loaded  freight 
trains,  which  with  very  heavily  loaded  cars  may  be  a  little  less,  but  in  the  case 
of  long  trains  of  empty  cars  may  be  some  4  or  5  per  cent  higher.  Under  this 
4Msamption,  assuming  6.14  per  cent  for  ease  of  computation,  Table  118  was 
computed,  which  is  the  proper  one  for  use  in  all  computations  concerning  the 
energy  stored  in  trains  at  various  velocities. 


Table  1ia 

Total  EifSKcf  of  PoTKimAL  Lift  in  Vertical  Feet  (or  Velocitv  Head) 

IN  Trains  moving  at  Various  Velocities. 

Jueiuding  the  Effect  of  the  Rotative  Energy  of  the  Wheels  for  Passenger  or  Loaded 
Freight  Trains^  assumed  at  6.14  per  cent  of  the  total  energy.  For  trains  of  empty 
flat  or  coal  can  add  about  4  per  cent  to  the  quantities  below,  and  proportionately  for 
mixed  trains. 


MlLSS 

Put 

Hock. 

VeL  ft.. 

0. 

0.00 

1. 
0.04 

S. 

O.X4 

8. 
0.3a 

4. 
0.57 

6. 
0.89 

6. 
x.98 

7. 

«-74 

8. 
a. 97 

9. 
9.88 

Milks 
Pbk 

Houa. 

.0 

.1 

.2 

.3 

.4 

.5 

.6 

.7 

.8 

.9 

10 

3-55 

3.63 

3.69 

3-77 

384 

3.9a 

3-99 

4.07 

4>5 

4.3s 

It 

sa 

«3 

14 

U:::::: 

»T 

xS 

X?   

4.30 
5.11 
6.00 

6.96 

7.99 
9.09 

XO.36 
11.50 

13.83 

4.38 

5-19 
6.09 

J.06 

8.10 
9.8X 

10.39 

11.63 
X3.96 

4.46 
5*8 

6.19 

7.16 
8. at 

9-3» 

X0.5X 
11.76 

X309 

4.54 
5-37 
6.38 

8.33 

9-44 

10.64 
IX. 90 

>3  »3 

4.63 
546 
6.38 

Z37 
8.43 

9.55 

XO.76 
13.03 
13  37 

4.70 
6.47 

8.54 

9.67 

10.88 

xa.x6 
»3-5> 

4  79 

6.57 

7  57 
8.65 

9-79 

XX. 01 

13. 30 

4.87 

5.73 
6.67 

7.68 
8.76 
9.90 

II. 13 
13.45 
13.78 

4-95 
5.83 

6.76 

Z-78 
8.87 

10. 03 

11.36 
13.56 

«3  9a 

5.03 
5.01 
6.86 

\% 

X0.14 

11.38 
13.69 
14.06 

20 

14.90 

X4-34 

U.49 

X4  64 

14.78 

M-93 

15.08 

15.93 

'5  38 

15. 5a 
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Table  118« — ContitmetL 


Milks 

Pbk 

Hour. 

Vel.  ft.. 

0. 
0.00 

1. 
0.04 

8. 
0.14 

0.3a 

i. 
0.57 

5. 

0.89 

0. 
i.«8 

7. 

X.74 

a 

8.87 

9l 

Milks 

Pkr 

Hour. 

.0 

.1 

.2 

.3 

.4 

.5 

■ 
.6 

.7 

.8 

.9 

20    ... 

14.20 

>4-34 

14.49  '     >4-64 

14.78 

U.93 

15. 08 

15-83 

15.38 

IS  5« 

17«»« 

xfi.6; 

23-S 

31.01 
13.1* 

37.6J 
=9-64 
3».74 

33-PO 

1^.13 

38-*3 
40.«o 

43a4 

4S-:6 

4834 

51.00 

53  73 
5C.51 

5V3* 

21 

22 

»3 

24 

»5 

20 . 

27 

38 

»9 

15.67 
17.19 
18.79 

20.46 
22.20 
34.00 

25.88 

27  83 
29.86 

15.82 

17-35 
18.95 

20.63 

32    38 
24.18 

26.07 
28.03 
30.06 

»5-97 
17. 5» 
19.11 

20.80 
22.56 

•4.37 

26.27 
28.23 
30.27 

16.13 
17.67 
19.27 

30.98 
33.74 
34.56 

36.46 

28.43 
30.48 

Z6.38 
17.83 
19*44 

ai.x6 
33.93 
84.75 

a6.66 
38.64 
30.69 

«6.43 
«7-99 
19.01 

ai.34 
33.10 

84  93 

a6.85 
38.84 
30-90 

16.58 
18.  zs 
19.78 

31. 5T 

33.38 
85.13 

87.05 
39.05 
3Z.II 

16.73 
18.31 
19.95 

9X.68 
83.46 
85.31 

87.84 

89.85 

31.32 

16. 58 
Z3.47 
ao.X3 

31 .84 
23  64 
25.50 

27  44 

39.46 

3»-53 

30 

3195 

32.16 

32.18 

33.60 

33.81 

33-03 

33.»5 

33.47 

33-60 

3»  

32 

33 

34 

%■::::. 
%■::::. 

39 

34" 

36.35 
38.66 

41.04 

43-49 
46.01 

48.60 
51.26 
54.00 

34.34 
36.58 
38.90 

41.28 

43-74 
46.26 

48.87 

5«.53 
54-28 

34-57 
36.81 

39- 13 

4' -53 
44.00 

46.52 

49-13 
51.80 

54-56 

34-79 
37-04 
39-37 

41.77 
44  25 
46.78 

49-39 
52.08 

54  84 

35  01 

37.27 
39.61 

43.0a 
44.50 
47-04 

49.66 
52.36 

55.12 

35-84 
37.50 
39.85 

43.36 

44-75 
47.30 

49.93 
53.63 

55.40 

35.46 

37.74 
40.08 

48. 5X 
45.00 

47.56 

50. so 

58.01 

5568 

35.68 

37.97 
40.33 

42-75 

45.86 
47.88 

50.47 
53.18 

55.96 

35.91 
38.20 
40.56 

4300 

45.51 
48.03 

50.73 

53.46 
56.24 

40.  ... 

56.80 

57-09 

57-37 

57.66 

57.95 

58.34!    58.53        58.81 

59.10 

4» 

42 

43 

44 

45 

46 

47 

48 

49 

59-68 
62.62 
6564 

68.73 
71.89 
75-" 

78.42 
81.79 

85-24 

88.75 
3-59 

127.80 
4. 3*5 

173-95 
5.01 

59-97 
62.92 
65.94 

69.05 
72.21 
75-45 

78.75 
82.13 

85.59 

60.27 

63.23 
66.25 

69.36 
72-54 
75-78 

79.09 
82.48 
85-94 

60.56 

63-53 
66.56 

69.68 
72.86 
76.  XI 

79-43 
82.82 
86.29 

60.86 

%% 

70.03 
75.18 
76.44 
79.76 
83.17 
86.64 

61.15 

67.18 

70.34 
73.50 
76.77 

80.10 
8^.51 
86.99 

61.45 

%% 

70.65 
73.83 

77.ro 

87.34 

6z.A 

70.97 

74.  X5 
77.43 

80.77 
84.30 

87.69 

63.04 

68.11 

71.88 

74-47 
77.76 

St.TZ 

88.04 

6a- 3.^ 

^5-34 
68.43 

71.60 

74-79 
78.09 

8t-4S 
84.89 
88.39 

50  .   ... 
Diffs... 

60 

Diffs  .. 

70 

Diffs... 

92.34 
3.65 

132.10 
4-36 

178.96 
5  07 

95.99 
3-73 

X36.46 
4.44 

184.03 
5-15 

99.72 
3.80 

140.90 

4-51 

189.18 
5.22 

X03.53 
3.87 

«45.4» 
4-58 

X94.40 
5.39 

107.39 
3.94 

»49-99 
4.65 

X99.69 
5.30 

x".33 
4.01. 

«54.64 
4.7« 

805.05 

5.43 

"5-34 
408 

159.36 
4-79 

8Z0.4t 

5.50 

119.43 
4.16 

164.15 
4-87 

815.98 
5.58 

123.58 

4." 

169.01 

4-93 

331.56 
564 

_^         ,      ,,  ,  ,     J      «••  m  ft.  per  sec.       i.467*F«  (in  miles  per  hoai)  ,„ 

Formula :  Vel.  head  = — =» 2 =- ■■  aQ33445l ' 

04.32  04*33 

To  which  add  6.14  per  cent  for  rotative  eneify  of  the  wheels  s  0.001055  T* 
Giving:  as  the  final  formula,  by  which  the  table  is  computed*  Vei,  head  ■■  0.035500  T* 

The  above  table  is  exact  for  the  even  miles.  The  heig;ht8  for  tenths  of  a  mile  per  honr 
were  filled  in  by  interpolation,  and  the  last  dig^it  may  be  in  error. 

The  process  of  computin{>:  the  result  of  a  brake-test  by  the  aid  of  this  table,  nhich  mai 
be  useful  for  reference  in  connection  with  it,  is  as  follows : 
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FIELD  NOTES  REQUIRED  FOR  COMPUTING   BRAKE  TESTS. 

I.  S^ttd  in  miles  per  hour  at  insUnt  of  applying  brakes. 
9.  Distance  run  after  applying  brakes,  in  feet. 

3.  Rat€  of  grade  ^  ascending  or  descending,  in  per  cent,  i.e.,  feet  per  station  of  100  ft. 

4.  Proportion  of  the  total  weight  of  the  train  to  which  brakes  were  applied.     (Except 
necessary  to  determine  (his  proportion^  the  total  weight  of  the  train,  or  the  total  weight 
braked  or  unbraked  wheels,  is  unessential,  and  does  not  enter  into  the  computation.) 
To  these  essential  notes  should  preferably  be  added  : 

5.  Time  of  stop  in  seconds  (best  taken  with  a  stop-watch). 

PROCESS  OF  COMPUTATION. 

I.  Take  from  the  table  the  height  in  vertical  feet  corresponding  to  its  speed,  i.e.,  the 
**  VeL  head."  Divide  it  by  the  length  of  the  stop  in  stations  of  100  ft.  The  quotient 
(which  will  in  all  ordinary  cases  be  between  the  extreme  limits  of  2.00  and  20.00)  is  the 
equhfoUnt  grade  of  retardation  for  a  stop  on  a  level  grade. 

3.  To  this  quotient  add  the  actual  rate  of  grade,  if  descending,  or  subtract  it  if  ascend- 
ing Subtract  also  the  grade  representing  the  average  train  resistance  during  the  entire 
itop,  which  may  be  approximately  assumed  as  follows : 

Miles  per  hour. 

Initial  qjeed, 35       30       40       50       55       60 

and  less. 

Pounds  per  ton  (9000  lbs.). 


AYerage  resistance  during  stop,    .    .    8         9       zo       12       14       16 

Per  cent  (or  feet  per  100). 


-N 


Equivalent  grade, 0.4     0.45     0.5      0.6      0.7     0.8 

y.  The  resulting  sum  or  difference  is  the  actual  equivalent  grade  of  retardation ^  in  feeC 
per  100 :  or  the  effect  of  the  brakes  as  a  whole  on  the  train  as  a  whole.  The  figures  ex^ 
pressing  this  grade,  as  5.00,  8.50,  12.45,  express  also  the  efificiency  of  the  brakes  upon  the 
train  as  a  whole,  in  percentages  of  the  total  weight  of  the  train. 

4.  Divide  this  grade  or  percentage  by  the  per  cent  of  the  total  weight  of  the  train 
upon  which  brakes  acted  or  were  adapted,  intended,  or  expected  to  act.  The  quotient  is 
the  actual  efficiency  of  the  brakes  upon  the  load  carried  by  the  braked  wheels,  or  upon 
that  portion  thereof  which  it  was  intended  to  rely  upon  in  proportioning  the  brakes. 
This  quotient  will  always  lie  between  the  extreme  limits  of  25.cx>  and  i.oo.  usually  be- 
tween 3.00  and  14.00,  and  is  the  only  one  by  which  comparisons  with  different  trains 
baring  differently  distributed  brakes  can  properly  be  made. 

By  formula :  Grade  of  reUrdation  =  Yfl.?^  i  +  rate  of  descending  grade,  or  )    _ 
^  Distance  (  -      '     **   ascending       *'  f 

.«       .  ._^.  .  Grade  of  retardation 

(rade  ol  rolling  friction ;  and j-- — j-—. ,  .  .   ,— ; — -  =  Efficiency  of 

•  p.  c.  of  wt.  of  tram  on  which  brakes  acted  ' 

brakes  in  per  cent  of  weight  on  which  they  acted. 

EXAMPLES. 

1.  Train  with  H  (75  per  cent)  of  weight  braked ;  20  miles  per  hour;  284  ft.  (2.84 
stations),  distance  run ;  grade,  52.8  ft.  per  mile  (i.o  per  cent)  descending. 
22 
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Assumed  average  grade  of  rolling  friction,  as  above,  =  a4.     Then 
i4«ao  (from  table) 


2.84 


=  5.00  +  x.oo  -  0.4  =  5.6  ^  0.75  =  7.47, 


being  the  percentage  of  the  efficiency  of  the  brakes  or  rate  of  an  equivalent  grade ;  ud 
grade  of  7.47  x  20  =  159.4  lbs.  per  ton  retarding  force  from  brakes. 

2.  Train  90  per  cent  braked ;  60  miles  per  hour ;  1014  ft.  length  of  stop ;  grade,  3614 
ft.  per  mile  (0.5  per  cent)  ascending. 

Assumed  average  grade  of  rolling  friction,  as  above,  =  aS. 

127.80  (from  table)  ^  « 

=  12.60  —  0.50  —  a8  =  11.30  -•-  0.90  =  12.56. 

10.14 

377.  The  magnitude  of  any  force  is  expressed  (in  English)  in  pounds 
or  some  multiple. 

The  work  done  (or  which  has  been  or  can  be  done)  by  the  continued 
application  of  any  force  is  expressed  in  foot-pounds,  i.e.,  by  the  force  in 
pounds  multiplied  by  the  distance  in  feet  through  which  it  acts  or  has 
acted  or  can  act.  A  Consolidation  locomotive  has  a  tractive  force  of,  say. 
20,000  lbs.  The  work  done  by  such  an  engine  in  running  a  mile  is 
20,000   X    5280  =  105,600,000  foot-pounds.     A  horse-power  is  33.000 

foot-pounds  per  minute.     If,  therefore,  such  an  engine  run  a  mile  in  4 

.     105,600,000 
m mutes  Its  horse-power  is  =  800  horse-power.  If  it  run  a  mile 

105,600.000 
in  5  minutes  it  is  exerting  a  force  of  only  — -—  =  640  horse-power. 

If  a  train  at  a  certain  velocity  has  an  average  resistance  of  10  pounds 
per  ton,  the  power  consumed  by  it  will  be  10  foot-pounds  per  ton  per 
foot,  or  52.800  foot-pounds  per  ton  per  mile.  If,  again,  the  resistance  of 
brakes  be  added,  assuming  the  total  pressure  on  the  brake-blocks  to  be 
equal  to  half  the  weight  of  train  or  1000  lbs.  per  ton,  and  assuming  the 
coefficient  of  friction  to  be  at  0.16  (it  is  in  reality  very  variable),  the  re- 
tarding force  of  the  brakes  will  be  1000  X  0.16  =  160  lbs.  per  ton,  and 
the  work  done  per  ton  by  the  brakes  (in  dissipating  energy)  will  be  160 
foot-pounds  per  foot  through  which  the  brakes  act. 

378.  The  same  amount  of  energy  (in  excess  of  all  retarding  forces) 
communicated  from  any  source  to  any  body  moving  in  any  direction 
will  cause  that  body  to  move  THROUGH  SPACE  with  the  same  velocity. 
The  DIRECTION  of  the  motion  may  vary.  The  VELOCITY  of  motion  will 
not  vary,  and  will  always  be  equal  to  that  required  to  lift  the  body 
through  the  vertical  height  through  which  the  body  would  have  to  fall 
freely  in  a  vacuum  to  acquire  that  velocity. 
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379.  From  the  above  it  necessarily  results  that  it  is  a  general  law  of 
motion  on  inclined  planes 
that  a  body  descending 
freely  along  any  incline, 
regular  or  irr^^lar,  as 
AC.  AD,  AE,  or  AF,  Fig. 
62,  under  the  action  of 
the  same  vertical  force,  as 
gravity,  will  be  moving 
through  space  at  any  point,  C,  A  E,  or  F,  which  lies  at  the  same  verti- 
cal distance  below  A,  with  the  same  velocity  as  it  would  have  at  B  if  it 
had  fallen  vertically  through  AB,  The  direction  of  motion  will  vary 
in  each  case.  The  time  of  descending  to  the  line  bb  will  also  vary  in 
each  case,  but  the  velocity  with  which  the  body  is  moving  through  space 
as  it  passes  any  given  level  bb  will  always  be  the  same,  by  whatever  path 
it  has  reached  that  level,  and  always  that  "  due"  to  the  vertical  height  of 
the  plane  (less  the  loss  by  friction),  this  being  the  necessary  result  of 
the  fact  that  the  same  number  of  foot-pounds  of  work  have  been  com- 
municated to  the  body  in  either  case. 

380.  The  time  occupied  in  the  descent,  if  it  be  a  regular  plane,  will 
be  greater  than  that  "  due"  to  the  vertical  fall  in  the  ratio  of  the  length 
of  the  plane  to  its  height.  If  it  be  a  curved  or  broken  surface,  the  time 
of  descent  will  bear  no  such  constant  ratio«  but  the  final  velocity  at  a 
given  vertical  distance  below  A  will  in  all  cases  be  the  same. 

381.  Conversely,  the  accelerating  or  retarding  effect  of  gravity  on 
any  incline,  and  in  the  direction  thereof,  as  on  a  railway  grade.  Fig.  63, 
is  less  than  the  weight  of  the  body  in  the  same  ratio  as  the  height  ab 
of  the  plane  is  less  than  its  length 
ac :  that  is  to  say,  the  force  W^ 
Fig.  63.  which  represents  the 
weight  of  the  body  O  acting  verti- 
cally downward,  may  be  resolved 
—or  rather  resolves  itself— into 
the  force/  acting  parallel  with  the 
plane  and  tending  to  produce  mo- 
tion down  it,  and  the  force  W — (al- 
ways less  than  W) — acting  in  the 
direction  R,  perpendicular  to  the 
rail  ac  representing  the  actual  pressure  of  the  wheel  thereon.  It  is  geo- 
metrically evident  from  Fig.  63  (on  account  of  the  similarity  of  triangles) 


Fig.  63. 
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that  the  force  /  (technically  known  as  the  grade  resistance*  although  in 
descending  it  is  not  a  resistance  but  an  accelerating  force)  bears  the  same 
ratio  to  the  weight  that  the  rise  in  any  distance  does  to  the  length  ac, 
measured  on  the  slope,  and  not  horizontally.  Practically,  however,  on  any 
ordinary  railway  grade  the  horizontal  distance  be  is  not  sensibly  differ- 
.ent  from  the  length  measured  along  the  surface  of  the  rails  ac,  and  hence 
it  is  customary  and  proper  to  assume  bczsiac\  whence  we  have,  approxi- 
mately, 

Wbc' 

or,  if  we  let  the  horizontal  distance  be  =  loa  and  the  height  ab  —  r^ 
rate  of  grade  or  rise  in  loo  (whether  feet  or  other  horizontal  unit,  if  we 
use  the  same  for  both  vertical  and  horizontal),  then  we  have 

W^  100 ^^-'^  loo' 

382.  If,  in  this  equation,  we  let  W  ^  2000  =:  the  number  of  pounds  io 
a  ton,  we  have 

/=2or, 

or,  The  grade  resistance  in  lbs.  per  ton  =  rate  of  grade  per 
CENT  X  20.  This  rule  should  be  memorized  by  every  railroad  engineer, 
preferably  in  the  still  simpler  form :  "  Rate  of  grade  in  tenths  x  2. "  E.  g. 
on  a  I  per  cent  or  i.o  grade  the  grade  resistance  is  30  lbs.  per  ton ;  on  a 
0.4  grade,  8  lbs.  per  ton. 

For  the  long  ton  of  2240  lbs.  it  is  only  necessary  to  increase  the  re- 
sult by  12  per  cent.  The  rule  amounts  to  no  more  than  saying  that  if 
the  rate  of  grade  be  ii^,  the  resistance  per  ton  will  be  y^  ton,  which  is 
20  lbs. 

383.  The  trifling  importance  of  the  error  in  assuming  in  Fig  63,  that,  for 
all  practical  purposes,  the  hypothenuse  ac  and  the  base  ab  maybe  assumed 
equal,  when  computing  grade  resistance,  is  shown  by  Table  xi9. 

On  a  4  per  cent  grade,  which  may  be  considered  the  atmost  limit  of  ordi- 
nary practice,  the  error  in  the  computed  resistance  is  only  0.0008,  or  less  than 
one  tenth  of  i  per  cent.  On  the  heaviest  grade  on  which  the  locomotive  has 
ever  worked.  10  per  cent,  the  error  is  only  one  half  of  one  per  cent. 

The  error  can  be  avoided  by  substituting  for  the  actual  weight,  fV,  Fig.  63, 
the  value  of  the  component  Jf^  at  right  angles  to  the  plane; but  for  any  grade 
less  than  the  most  extreme  this  is  unnecessary  trouble,  as  the  error,  whattheie 
is  of  it,  tends  to  safety  by  exaggerating  the  grade  resistance. 
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Table  119. 

COMPARATIVK  LENGTH  PSR  STATION  OF   lOO  Ft.  (OR  OTHER  UNIT)  OF  VARIOUS 

Grades,  measured  Horizontally  and  Along  the  Slope. 

Onrins  also  the  peroenUge  of  excess  in  the  computed  grade  resistance  under  the  rule 

/  =  aor  of  par.  383. 


Rite  in  100. 

(a*.  Fig.  63.) 

(s  rate  of  grade 

Length  on  Slope 

itu) 

for  Horizontal  Distance 

per  cent.) 

(be)  of  100. 

1. 00 

100.005 

2.00 

100.020 

3.00 

100  045 

4.00 

100.080 

5.00 

100.125 

6.00 

100.180 

7.00 

100.245 

8.00 

100.319 

9.00 

100.404 

10.00 

100.499 

Note. — This  table  likewise  affords 
a  good  opportunity  for  testing  the 
convenient  rule  elsewhere  given  for 
solving  right  -  angled  triangles  of 
small  altitude,  viz. : 

Diff.  between  hyp,  and  base  =  ht} 
-4-  twice  hyp,  or  base  (whichever  is 
known). 

It  will  be  seen  to  be  correct  with 
these  triangles  to  within  a  very  mi- 
nute percentage. 


384t  The  g^de  which  produces  a  longitudinal  force  precisely  equiva- 
lent in  pounds  per  ton  (or  any  other  unit)  to  the  "rolling  friction"  of  the 
car  at  any  given  velocity  is  called  the  grade  of  repose  for  that  velocity, 
bein^  that  grade  on  which,  if  a  car  or  train  were  descending,  the  accel- 
erating force  of  gravity  would  just  balance  the  resistance  to  motion,  and 
hence  enable  it  to  continue  in  motion  forever  at  the  same  speed,  neither 
gaining  nor  losing  velocity,  which  is  the  theoretical  condition  of  all 
bodies  to  which  a  given  velocity  has  once  been  communicated,  accord- 
ing to  Newton's  first  law  of  motion. 

385t  As  the  frictional  resistance  per  ton  varies  with  either  the  veloc- 
ity or  the  length  of  train,  the  "  grade  of  repose"  will  also  vary  with  either ; 
but  these  grades,  as  determined  by  Table  166,  in  Chap.  XIII.,  are  given 
in  Tables  120.  180,  pp.  358.  579. 

386.  The  term  "  grade  of  repose"  is  ill-chosen,  and  origfinated  in  the  mistaken 
idea  that  a  grade  which  was  heavy  enough  to  more  than  equal  the  resistance  of 
motion  when  a  train  was  once  moving,  was  heavy  enough  to  start  a  train  from 
a  state  of  rest.  In  reality,  a  grade  several  times  heavier  is  necessary,  and  this 
latter  grade  only  can  properly  be  called  a  '*  grade  of  repose."  But  the  ill- 
cbosen  term  is  still  the  common  one,  as  is  likewise,  unhappily,  the  erroneous 
idea  in  which  it  originated.  Otherwise,  probably,  there  would  be  fewer  stations 
on  limiting  grades. 
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387.  When  a  railway  train  descending  a  grade,  or  any  other  falling 
body,  is  acted  upon  by  an  accelerating  force  which  remains  uniform.— 
like  the  traction  of  a  locomotive  or  gravity, — in  opposition  to  a  retarding 
force  which  increases  with  the  velocity, — like  the  resistance  of  a  train. - 
the  velocity  of  motion  will  continue  to  increase  until  the  retarding  force 
becomes  equal  to  the  accelerating,  and  thereafter  the  body  will  continue 
in  motion  indefinitely  at  a  uniform  velocity.  The  net  resultant  of  all 
the  forces  acting  is  then  zero,  and  consequently  the  body  continues 
indefinitely  in  motion  at  an  unvarying  velocity,  as  theory  requires. 

388.  This  statement  should  be  read  over  until  its  meaning  is  fully 
grasped.  A  railway  train  in  motion  at  a  uniform  velocity  is  acted  on  in 
one  sense  by  two  forces,  but  in  a  truer  sense  by  no  force.  The  frictional 
and  other  resistances  and  the  traction  of  the  locomotive  act  upon  and 
destroy  each  other  within  the  body,  without  either  acting  upon  the  body 
itself,  except  to  produce  internal  stress.  Such  a  body  is  therefore  one  of 
the  nearest  examples  in  practical  mechanics  of  Newton's  abstract  con- 
ception of  a  body  moving  on  indefinitely  in  vacuo  from  original  impulse, 
without  gain  or  loss  of  energy,  as  do  the  heavenly  bodies. 

389.  Under  such  conditions  ANY  NEW  FORCE— whether  accelerating 
or  retarding,  like  a  change  in  the  rate  of  grade  or  in  the  tractive  force  of 
the  locomotive — will  act  upon  the  body  precisely  as  if  no  other  forces 
existed  to  act  upon  it ;  i.e.,  the  whole  of  the  new  force,  undiminished 
by  frictional  or  other  losses,  will  act  upon  the  body  to  vary  its  velocity, 
and  will  vary  it  precisely  as  theory  requires.  This  fact  bears  with  it  im- 
portant consequences. 

To  illustrate  this  interconvertibility  of  work  and  velocity :  Let  us  assume 
any  body,  as  a  car,  weighing  20,000  pounds  to  have  fallen  freely  (i.e.,  without, 
or  in  excess  of,  the  loss  by  friction)  16.08  feet.  It  would  then  have  20,000  X 
16.08  =  321,600  foot-pounds  of  work  stored  up  in  it,  and  would  be  moving 
through  space  with  the  precise  velocity  of  32.16  feet  per  second  or  about  21 
miles  per  hour. 

If,  instead  of  having  fallen  vertically,  either  gravity,  or  the  tension  on  the 
draw-bar,  or  any  other  force,  had  been  communicating  to  that  same  car  body 

continuously  a  force  of  20  pounds  (or  one  pound  per  ton  in  excess  of  all 

321  600 

resistance),  the  car  would  have  to  move  through  a  distance  of '- =  i6,oSo 

20 

feet  to  store  up  within  itself  321,600  footpounds,  and  hence  to  acquire  the  same 
velocity  that  it  acquires  when  falling  freely  through  space,  or,  when  acted  upon 
(in  any  direction)  by  a  force  equal  to  its  weight,  in  16.08  ft. 

390.  This  velocity  once  acquired,  the  corresponding  amount  of  energy  stored 
in  the  car  may  be  expended  in  any  one  of  the  following  ways : 

First.   It  may  (theoretically)  by  proper  mechanical  appliances  be  made  to  lift 
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the  body  vertically  through  a  height  of  16.08  feet,  which  it  will  do  in  one  second 
of  time,  and  bring  it  to  a  state  of  rest. 

391.   Secondly.  It  may  be  made  to  lift  the  body  up  an  inclined  plane  A,  A\ 
A'\  A"\  Fig.  64,  as  on  a  grade  of  any  rate,  against  the  action  of  gravity.     In 


Pig.  64. 

this  case,  if  there  be  no  other  resisting  force  but  gravity,  the  body  will  rise 
through  the  same  vertical  height  in  all  cases  before  coming  to  rest.  The  dis- 
tance run  and  the  time  occupied  in  the  ascent  will  alone  vary.  The  vertical 
elevation  surmounted  will  not  vary.  But  as  there  is  a  resisting  force  (rolling 
friction)  which  is  so  much  per  foot  run,  these  conditions  do  not  precisely  obtain 
io  practice. 

392.  Thirdly.  It  may  be  made  to  propel  the  body  on  a  level  against  the 
resistance  of  axle  and  rolling  friction.     If  the  natural  resistance  to  motion  be 

7  lbs.  per  ton,  or  70  lbs.  for  the  car,  its  accumulated  energy  of  321,600  foot- 

321.600 
pounds  will  continue  it  in  motion  for  a  distance  of =  4594  feet  before  it 

comes  to  a  state  of  rest. 

This  "rolling  friction,"  so  called,  of  7  or  a  pounds  per  ton  of  2000  pounds  is 
precisely  equivalent  in  its  mechanical  effects  to  a  grade  rising  7  or  a  feet  in 
3000,  or  to  the  "  grade  of  repose"  before  explained  (par.  384). 

It  follows,  therefore,  that  any  g^ven  grade  other  than  a  level  is  equivalent  in 
its  mechanical  effect  upon  the  train,  if  it  be  an  ascending  grade,  to  the  actual 
rate  of  grade  plus  the  grade  of  repose ;  and  if  it  be  a  descending  grade,  to  the 
actual  rate  minus  the  grade  of  repose. 

393.  Fourthly.  The  accumulated  energy  of  the  car  may  be  sooner  exhausted 

by  calling  in  the  action  of  brakes  in  addition  to  the  resistances  of  gravity  and 

rolling  friction.     If  there  be  brake-blocks  on  half  the  wheels  only  (which  has 

until  recently  been  the  general  custom  for  freight  service),  and  the  pressure  on 

them  be  equal  to  the  load  on  the  wheel,  which  is  somewhat  more  than  that 

which  the  ordinary  brake  leverage  is  intended  to  give  (modern  experiments 

indicate  that  not  more  than  two  thirds  of  the  load  on  the  wheels  is  a  safe 

pressure),  and  if  the  coefficient  of  friction  between  brake  and  wheel  be  \  which 

is  about  an  average  (it  varies  in  reality  from  ^  to  \)  then  the  retarding  forces 

00  the  car  will  be— 

_.    ,        20,000  ,  --    ,- 

Brakes,  — ^ —  X  i  X  i  =  1,667  lbs. 


Normal  rolling  friction  as  above  =      70 
Resistance  of  grade  if  on  a  level  =        o 


Total  resistances  on  a  level  =  i,737  lbs.  or  173.7  Ihs.  per 
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as  the  length  which  the  rod  would  have  to  stretch  to  avoid  exceeding  the  elastic 
limit.     But  (assuming  uniformity  of  elasticity)  the  rod  can  only  stretch  in  any 

case  the  —  -  ' part  of  its  length  I 1  without  rupture,  and  only  half  that 

26,000,000  \i,300/ 

without  permanent  set. 

Therefore,  to  avoid  these  effects  and  yet  enable  the  bar  to  do  (or  use  up)  the 
requisite  amount  of  work  in  stopping  the  car,  it  would  have  to  be 

128.64  X  1300  =  167,232  ft.  long  to  avoid  the  rupture,  and 
257.28  X  2600  =  668,928  ft.  long  to  avoid  permanent  set; — 

which  are  rather  long  bars.  The  consequences  to  the  car  body  also  we  will  not 
consider,  but  the  example  will  serve  to  illustrate  the  laws  of  the  mutual  converti- 
bility of  energy  or  work,  and  velocity. 

397.  Fiom  this  ready  interconvertibility  of  velocity  and  work 
results  the  undoubted  fact — too  little  considered  by  engineers— 
that  train  resistance,  in  practical  operation  (i.e.,  as  measured  by 
the  tension  on  the  draw-bar  of  the  locomotive,  or  graphically 
recorded  by  a  dynamometer)  bears  no  very  close  and  apparent 
relationship  to  what  may  be  called  the  dead  resistance,  as  deter- 
mined by  adding  the  nominal  grade  resistance  to  a  certain 
rolling  friction,  without  paying  any  regard  to  the  effect  of 
differences  of  velocity.  This  is  well  understood  by  all  those 
who  have  had  occasion  to  deal  with  dynamometer  experiments, 
and  is  the  greatest  difficulty  in  deducing  valuable  results  from 
such  experiments.  It  is  also  well  understood  in  a  practical  way 
by  locomotive  engineers,  who  appreciate  the  great  advantage  of 
a  ""  run  at  a  hill  "  and  the  disadvantage  of  a  stop  on  it. 

398.  Now  the  object  before  the  engineer  in  laying  out  a  rail- 
way is,  obviously,  to  lay  out  his  line  so  that  the  demand  ok 
THE  LOCOMOTIVE,  and  not  the  absolute  grade  resistance  (which 
latter  is  in  itself  a  thing  of  no  moment),  shall  be  as  nearly  uni- 
form as  possible,  under  the  conditions  which  actually  exist  in 
the  daily  routine  of  operation.  If,  at  a  certain  point,  the  veloc- 
ity of  the  trains  has  certainly  to  be  increased,  in  addition  to 
overcoming  the  normal  grade  and  rolling  resistances,  the  g^di- 
ent  is  in  effect  increased  at  that  point.  If  at  a  certain  other 
point  velocity  can  safely  be  acquired  before  reaching  it  and  then 
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etit  grade,  the  train  will  come  to  a  state  of  rest  at  the  summit,  which  is  16.08 
^i  higher,  in  spite  of  the  exertion  of  the  full  power  of  the  locomotive  and  the 
id  of  the  stored  energy  jointly.    Grades  so  operated  are  called  momentum 

fKJlDSS. 


Fic  66.  Fio.  67. 

395.  Sixthly.  The  accumulated  energy  in  the  car  may,  in  theory,  be  made 
>y  proper  mechanical  appliances  to  compress  a  spring,  drive  a  pile,  or  do  any 
>ther  kind  of  work  whatsoever  capable  of  measurement  in  foot-pounds.  If  a 
ipring  required  a  force  of   10.000  pounds  to  compress  it  one  inch  and   its 

resistance  continued  uniform,  then  the  energy  of  the  car  body  would  compress 

321  600 
Lhe  spring '■ =  3a  16  inches.    A  perfectly  elastic  body,  to  which  a  spring 

Epprozimates.  would  immediately  give  back  this  energy  to  the  car  and  repel  it 
irith  equal  velocity.  A  perfectly  inelastic  body,  such  as  a  bank  of  earth,  which 
required  a  pressure  of  10,000  pounds  to  enable  a  body  of  the  size  of  the  car  to 
^netrate  it  one  inch,  would  (if  the  resistance  continued  uniform)  be  likewise 
penetrated  32.16  inches,  and  would  not  repel  the  body.  The  energy  would  be 
converted  into  heat. 

A  pile  which  opposed  a  static  resistance  to  motion  of  100,000  pounds  would 

321  600 

in  theory  be  driven  - — '• =  3  21  feet,  or  322  similar  piles  would  be  driven 

100,000 

>.oi  feet,  if  the  resistance  to  motion  were  uniform,  which  it  is  not 

396.  A  rod  of  iron  of  one  square  inch  section,  which  would  require  a  load 
>f  26.000.000  pounds  to  extend  it  to  double  its  length  if  its  resistance  to 
extension  continued  uniform, — i.e.,  whose  modulus  of  elasticity  was  26,000,000, 
—would  susuin  a  force  of  only  some  50.000  pounds  without  rupture,  and  say 
25.000  pounds  without  producing  a  permanent  set.  Therefore,  if  those  effects 
ire  to  be  avoided,  the  stress  on  the  rod  must  at  no  time  exceed  that  limit;  and 
since,  if  the  car  is  to  be  stopped  by  the  rod,  321,600  foot-pounds  are  to  be 
absorbed,  by  reaction  against  a  force  beginning  at  zero  (since  the  slightest 
force  will  extend  the  bar  somewhat)  and  gradually  increasing  to  50,000  or  25,000 
poonds  respectively,  we  have 

321.600  «  ^    * 

-^ =  128.64  feet 

50,000  -♦-  2 

fts  the  length  which  the  rod  would  have  to  stretch  to  avoid  the  rupture,  and 

321.600 
—^ =  257.28  feet 

25,000  H-  2 
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as  the  length  which  the  rod  would  have  to  stretch  to  avoid  exceeding  the  elastic 
limit.     But  (assuming  uniformity  of  elasticity)  the  rod  can  only  stretch  in  any 

case  the    -  A°i^_  part  of  its  length  \-^—\  without  rupture,  and  only  half  ihii 
26,000.000  u,300/ 

without  permanent  set. 

Therefore,  to  avoid  these  efifects  and  yet  enable  the  bar  to  do  (or  use  up)  the 
requisite  amount  of  work  in  stopping  the  car,  it  would  have  to  be 

128.64  X  1300  =  167,232  ft.  long  to  avoid  the  rupture,  and 
257.28  X  2600  =  668,928  ft.  long  to  avoid  permanent  set; — 

which  are  rather  long  bars.  The  consequences  to  the  car  body  also  we  will  not 
consider,  but  the  example  will  serve  to  illustrate  the  laws  of  the  mutual  convcrJ- 
bility  of  energy  or  work,  and  velocity. 

397.  From  this  ready  interconvertibility  of  velocity  and  work 
results  the  undoubted  fact — too  little  considered  by  engineers— 
that  train  resistance,  in  practical  operation  (i.e.,  as  measured  by 
the  tension  on  tlie  draw-bar  of  the  locomotive,  or  graphically 
recorded  by  a  dynamometer)  bears  no  very  close  and  apparent 
relationship  to  what  may  be  called  the  dead  resistance,  as  deter- 
mined by  adding  the  nominal  grade  resistance  to  a  certain 
rolling  friction,  without  paying  any  regard  to  the  effect  of 
differences  of  velocity.  This  is  well  understood  by  all  those 
who  have  had  occasion  to  deal  with  dynamometer  experiments, 
and  is  the  greatest  difficulty  in  deducing  valuable  results  from 
such  experiments.  It  is  also  well  understood  in  a  practical  way 
by  locomotive  engineers,  who  appreciate  the  great  advantage  of 
a  *'  run  at  a  hill  "  and  the  disadvantage  of  a  stop  on  it. 

398.  Now  the  object  before  the  engineer  in  laying  out  a  rail- 
way is,  obviously,  to  lay  out  his  line  so  that  the  demand  ok 
THE  LOCOMOTIVE,  and  not  the  absolute  grade  resistance  (which 
latter  is  in  itself  a  thing  of  no  moment),  shall  be  as  nearly  uni- 
form as  possible,  under  the  conditions  which  actually  exist  in 
the  daily  routine  of  operation.  If,  at  a  certain  point,  the  veloc- 
ity of  the  trains  has  certainly  to  be  increased,  in  addition  to 
overcoming  the  normal  grade  and  rolling  resistances,  the  gradi- 
ent is  in  efTect  increased  at  that  point.  If  at  a  certain  other 
point  velocity  can  safely  be  acquired  before  reaching  it  and  then 
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surrendered,  the  grades  are  in  effect  reduced.  The  virtual  or 
equivalent  profile,  including  these  effects  of  velocity,  is  what  the 
engineer  should  study,  and  should  consider  as  the  true  profile 
of  the  line  for  operating  purposes,  as  distinguished  from  the 
nominal  grades  shown  by  the  levels  and  the  plotted  profiles. 

399.  The  two  are  widely  different  even  in  freight  service, 
and  much  more  so  in  passenger  service.  Thus,  when  a  train 
starts  out  from  a  station  it  has  to  acquire  a  certain  velocity  as 
speedily  as  possible — say  15,  20,  or  40  miles  per  hour;  giving 
which  velocity  is  mechanically  equivalent  to  lifting  the  train 
vertically  (see  Table  118)  7.99,  14.20,  or  56.80  feet.  This  rise, 
divided  by  the  distance  in  which  the  velocity  is  or  must  be  at- 
tained, gives  a  grade  which  is  in  effect  an  addition  to  the  actual 
grade.  Thus,  if  there  be  a  station  at  A^  Fig.  68,  on  a  nominally 
level  grade,  and  it  be  necessary  to  acquire  a  velocity  of  21.3 
miles  per  hour  (being  nearly  the  "velocity-head,"  as  per 
Table  118,  for  16.08  feet),  and  it  be  necessary  to  acquire  that 
velocity    in  at   most  2000   feet,  the   "virtual"    grade   is   that 

shown  by  the  solid  line  in  Fig.  68,  or  — '- —  =  .804  per  cent. 

20 

If  the  train  then  strikes  a  down  grade,  no  change  in  the 
strain  upon  the  draw-bar  necessarily  takes  place,  nor  probably 
will  take  place,  if  the  grade  be  short 

or  the  speed  high.     More  probably,  ^ — » 

the   same   steam-power  and    ten-  ^  gj 

sion  on  the  draw-bar  will  be  contin-  A  .^tf^cmi...... —• 

uously  exerted,  and  the  excess  of  fig.  68. 

power  over  that  consumed  by  the 

resistances  will  be  stored  up  in  the  train  as  velocity,  to  be 
surrendered  in  part  on  the  next  up  grade;  and  so  on  indefi- 
nitely. 

In  fast  passenger  service,  with  a  sufficiently  good  track  and 
alignment  to  admit  of  high  speed,  the  amount  of  energy  required 
to  cause  even  slight  modifications  of  speed  between  stations  is 
so  great  that  the  effect  of  undulations  of  gradients,  even  of  con- 
siderable size,  is  almost  wholly  eliminated. 
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400.  Thus.  Fig.  69  is  an  u- 
ample  from  actual  practice  ot  t 
vefy  bad  undulatory  profile  (in 
freight  service),  whicb  not  onlj 
may  be,  but  actually  is,  operaieii 
by  express  passenger  trains  almon 
as  a  level  grade. 

To  determine  in  practice  bov 
velocity  afiecls  the  operation  ol 
this  oranyother  similar  profile  is 
a  problem  ol  the  simplest  possible 
character.  We  require  nothing 
to  aid  us  but  Table  118.  Thus, 
let  us  suppose  that  an  ezpna 
passenger  train  approaches  iht 
point  A,  Fig.  69,  as  it  actually 
does,  at  a  velocity  of  about  jo 
miles  per  hour,  the  point  being 
situated  at  the  foot  of  a  long  gen- 
tle incline.  This  velocity  being 
given,  in  order  to  run  without  a 
stop  to  the  point  B,  a  distance  of 
about  eleven  miles,  no  further 
burden  is  laid  upon  the  loconi> 
tive  than  to  furnish  the  power 
which  is  neccssaiy  to  keep  the 
train  moving  on  the  "  equivalent" 
maximum  grade,  which  in  this 
case  IS  a  dead  level,  despite  the 
fact  thai  the  profile  maximum  is 
I  per  cent  or  53.8  ft.  per  mile. 

The  process  of  determining  ia 
advance  whether  it  will  be  possi- 
ble to  operate  this  undulating 
grade  as  a  level  gradient  in  this 
manner,  and  what  the  fluctuation! 
of  velocity  must  be  to  do  it.  is  at 
follows : 

401.  The  train  at  the  point 
A,  moving  (by  assumption)  at  jo 
miles  per  hour,  has  sufficient  va 
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-"— -  -  -    — 

«Aw  or  ••velocity-head"  (Table  118)  to  lift  it  through  88.75  ^eet  verti- 
cally before  coming  to  a  state  of  rest.  In  running  to  b,  it  makes  a 
rise  of  130—80  =  50  feet,  and  if  the  engine  is  to  do  only  the  work  due  to 
ft  level  g^de  all  the  work  of  lifting  the  train  through  this  50  feet  must 
be  done  from  the  energy  stored  as  velocity,  and  there  will  consequently 
be  left  in  the  train,  on  reaching  b,  only  88.75  —  50  =  38.75  vertical  feet  of 
••  head,"  which  corresponds  (Table  1 18)  to  33  +  miles  per  hour.  The  par- 
ticular grade,  and  hence  the  horizontal  distance,  between  A  and  b  makes 
no  difference,  because  the  engine,  if  it  is  to  operate  the  grade  as  a  level, 
furnishes  the  power  to  overcome  the  frictional  resistances  on  a  level,  and 
no  more;  and  these  alone  are  afiected  by  the  horizontal  distances. 

From  bio  c  the  train  descends  30  feet.  Therefore,  the  engine  being 
supposed  to  continuously  exert  the  same  amount  of  force  to  overcome 
the  frictional  resistances,  all  the  additional  accelerating  force  due  to  the 
descending  grade  will  be  communicated  to  the  train  in  the  form  of  ve- 
locity, and  at  the  foot  of  the  grade,  at  c,  the  train  will  be  moving  with 
the  velocity  due  to  38.75  +  30  =  68.75  vertical  feet,  which  (Table  118)  is 
44  miles  per  hour. 

From  do  d  there  is  a  vertical  rise  of  20  feet,  and  consequently  the 
train  will  be  moving  at  d  at  the  speed  due  to  68.75  —  20  =  48.75  feet,  or 
(Table  118)  37  +  miles  per  hour. 

402.  So  the  undulations  of  speed  continue,  as  shown  by  figures  and 
the  dotted  diagram,  until  on  reaching  the  point  i?,  which  is  neither  higher 
nor  lower  than  the  initial  point  A,  the  train  is  found  to  be  moving  with 
the  same  velocity  as  at  a,  or  50  miles  per  hour.  Whether  this  will  be  the 
case  at  any  point  we  can  determine  at  once,  without  tracing  up  the  inter- 
mediate velocities,  simply  from  its  relative  level  compared  with  A. 

Thus,  the  highest  point  on  the  stretch  is  at  elevation  140,  or  60  feet 
above  A.  The  train  here,  consequently,  will  have  only  the  velocity  due 
to  88.75  — 60  =  28.75  vertical  feet,  or  nearly  28^  miles  per  hour.  The 
lowest  point  is  the  point  «,  which  is  70  feet  below  A,  and  the  velocity 
at  that  point  will  consequently  be  that  due  to  88.75  +  7©  =  158.75  vertical 
feet,  or  66.9  miles  per  hour. 

403.  Now  if  we  had  a  dynamometer  record  of  the  tension  on  the 
draw-bar  during  such  a  run  as  this  (which  the  writer  has  made  many 
times  over  that  identical  piece  of  track  at  approximately  the  assumed  ve- 
locities) we  should  find  it  absolutely  uniform  and  unvarying,  without  any 
appreciable  trace  or  evidence  in  the  recorded  strains  that  there  were  any 
undulations  in  grade  or  deviations  from  a  perfect  level  on  the  stretch 

over.    If  we  were  to  stand  and  watch  any  coupling  of  the  train 
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we  should  be  led  to  the  same  conclusion.  Assuming  the  vertical  curves 
connecting  the  grades  to  have  been  properly  put  in.  there  would  be  no 
"slack"  at  any  time,  nor  crowding  of  one  car  upon  another ;  but,  on  the 
contrary,  there  would  be  a  continuous  and  substantially  uniform  tension 
on  every  draw-bar,  whether  going  up  hill  or  down,  and  the  motion  of  the 
train  would  be  as  steady  as  if  the  grade  were  in  fact  level,  as  to  all  intents 
and  purposes  it  is — AT  THAT  VELOCITY.  At  slower  velocities,  or  with 
intervening  stops,  or  with  very  high  summits,  the  conditions  are  widely 
ditlerent. 

404.  To  determine  the  effect  of  all  these  and  similar  facts  in  advance 
for  any  piece  of  track  and  any  assumed  speeds,  we  have  only  to  construct, 
with  the  assistance  of  Table  ii8,  what  may  be  termed  the  equivalent  or 
VIRTUAL  PROFILE,  which  is  the  actual  profile  so  modified  as  to  include 
these  effects  of  probable  or  admissible  variations  of  velocity.  Thus  ati4, 
Fig.  69  or  70,  moving  at  50  miles  per  hour,  the  train  is  in  the  same  con 

i-l 
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dition  mechanically,  as  respects  demands  upon  the  motive-power,  as  if  H 
were  at  A\  Fig.  70,  88.75  ^^^^  higher,  moving  at  0+  miles  per  hour.  In 
either  case  it  would  arrive  at  the  point  ^.  on  a  level  with  A\  at  a  velocity 
of  04-  miles  per  hour.  As,  however,  it  has  only  to  rise  50  feet  to  ^,  it 
will,  on  arriving  at  b,  still  retain  a  velocity  which  will  lift  it  through 
38.75  vertical  feet,  and  consequently  the  point  for  the  equivalent  profile 
is  at  b'  38.75  feet  above  b.  To  have  the  equivalent  pr'-^Ie  continue  a  level 
line,  its  altitude  above  c  at  c'  must  be  68.75,  and  the  train,  consequently, 
must  be  movinf^;  at  r  at  44  miles  per  hour.  As  this  is  an  admissible  pas- 
senger velocity,  to  operate  the  line  ar  as  a  virtual  level  at  passenger 
speed  is  not  impossible. 

405.  If,  at  the  point  c,  it  were  necessary  to  slow  up  to  a  velocity,  say, 
of  20  miles  per  hour,  to  pass  throujjh  a  town  or  for  sharp  curvature,  or 
any  other  reason,  this  level  virtual  profile  could  not  be  maintained. 
What  the  equivalent  profile  would  actually  be  equivalent  to,  must  be 
determined  by  laying  off  above  c  the  vertical  altitude  due  to  a  veloci^ 
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tA  20  miles  per  hour,  or  14.20  feet.  We  then  find  that  the  equivalent 
profile  becomes  a  sharp  descent  to  c, — requiring  the  excessive  use  of 
brakes.— and  an  equally  sharp  ascent  to  d' \  thus  showing  that  it  is 
practically  impossible  to  resume  the  original  velocity  at  d, 

406.  To  determine  what  velocity  we  might  obtain  at  d\  Determine 
by  computation,  or  from  experience  elsewhere,  what  is  the  maximum 

grade,  /.   Fig.    7i»  up   which    the j^ yi27?>" 

full  power  of  the  engine  could  keep         •  '^ 

the  train  moving  at  20  miles  per        ^       ^  y*      \ 

hour,  which  will  be  a  pretty  stiff    ^^^;J^    ,       ./•£ H^ 

grade.    The  difference,  dd*\  Fig.  71,  |        ^ o 

between  the   elevation    which   the         ^\\^\\\^\ 
train  might  attain  on  such  grade  ^'°'  7>- 

and  that  which  it  actually  has  to  attain  at  d  will,  if  the  engine  does  so 
«xert  its  full  power  between  c  and  d^  be  communicated  to  the  train  in 
the  form  of  velocity,  and  it  will  be  moving  at  d  with  the  velocity  due  to 
14.20  +  dd"  feet.  If  the  equivalent  grade  were  2  per  cent,  or  105.6  feet 
per  mile,  instead  of  the  actual  grade  of  0.5  per  cent  mile,  the  value  of  dd!* 
would  be  30  feet,  and  the  train  would  be  moving  at  d  with  the  velocity 
due  to  14.20+30  =  44.20  feet  =  35.3  miles  per  hour.  The  point  at  which 
it  will  be  mechanically  possible  for  the  train  to  entirely  recover  from  the 
effect  of  a  check  or  stop  at  c  may  be  determined  with  equal  simplicity 
(assuming  that  the  train  resistance  did  not,  as  it  would,  increase  with 
speed)  by  prolonging  the  2  per  cent  equivalent  grade  cd"  until  it  inter- 
sects at/  the  level  equivalent  grade  for  the  run  without  a  stop.  At  that 
point  the  traction  of  the  engine  may  be  reduced  to  that  due  to  a  level 
grade  and  the  run  continued  as  before,  as  shown  in  Fig.  69. 

407.  In  this  simple  manner,  it  will  be  evident,  an  equivalent 
profile — which  for  all  operating  purposes  is  the  profile,  and 
which  is  consequently  the  only  one  which  the  engineer  should 
consider  in  laying  out  the  line — may  be  constructed  almost  by 
inspection,  assisted  by  Table  118,  for  any  grade  or  section  of  line 
whatever,  and  for  any  speed  or  variations  of  speed  whatever. 
Such  an  equivalent  profile,  if  constructed  for  high-speed  trains, 
will  bear  little  or  no  resemblance  to  the  actual  profile;  and  even 
at  low  freight  speeds  it  will  be  very  seriously  modified,  and  widely 
different  in  appearance  from  the  actual- profile.  At  points  where 
a  stop  or  a  slackening  of  speed  occurs  the  equivalent  grade  may 
be  very  much  higher  than  the  actual.     At  other  points  where 
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considerable  velocity  at  the  foot  of  g^des  is  probable  and  ad- 
missible it  will  be  very  much  lower. 

In  only  one  respect  is  such  a  profile 
liable  to  be  deceptive.  The  profile  it- 
self demands  no  allowances,  but  the 
hauling  power  of  an  eng^ine  is  materiallj 
greater  in  making  a  start  from  what  it 
is  at  speeds  above  lo  or  15  miles  per 
hour,  at  which  latter  speeds  or  higher 
it  is  not  possible  ordinarily  to  utilize 
the  full  adhesion  of  the  locomotive,  for 
-^  j  reasons  g^ven  in  Chapter  XI.  and  XIII. 
Therefore  a  higher  virtual  grade  at 
stopping  points  only  is  not  necessarily 
a  limiting  gradient 

408t  Fig.  72  is  a  representation  of  a  vir- 
tual and  actual. profile,  constructed  in  the 
above  manner,  for  an  assumed  maximum 
freight  speed  of  25  miles  per  hour.  We 
have  only  to  take  each  governing  point  in 
succession  ;  determine  for  each  what  is  the 
actual,  probable,  necessary,  or  safe  velocity 
at  that  point ;  lay  off  vertically  above  it  the 
-^  £  vertical  feet  to  which  this  velocity  is  equiva- 
lent, as  given  in  Table  118;  and  connea  the 
points  thus  fixed  by  right  lines.  This  gives 
the  equivalent  and  for  all  operating  purposes 
the  actual  profile,  except  that  the  varying 
train  resistance  at  various  speeds  must  be 
remembered,  and  likewise  the  greater  adhe- 
sive power  of  the  locomotive  when  starting 
and  using  sand. 

409.  Thus  at  r,  where  a  stop  is  neces- 
sary,  the  velocity  will  be  zero,  and  the  virtual 
and  actual  profiles  will  coincide.    The  grades 
approaching  this  position  on  each  side  are 
^      "*  necessarily  much  heavier  in  the  virtual  than 

in  the  actual  profile.     At  other  points,  as  at  the  depres»on  d^  the  veloc- 
ity will  be  considerable,  and  the  approaching  grades  on  each  side  art 
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on  the  virtual  profile  very  much  reduced  by  that  fact.  At  still  other 
points,  as  at  the  foot  of  the  long  grade  e,  the  velocity  of  approach  may  be 
considerable,  and  yet  the  grade  so  long  that  this  velocity  has  but  a  slight 
effect  in  reducing  the  virtual  grade.  If  there  were  a  station  or  a  pretty 
heavy  minor  grade  near  the  foot  of  the  long  grade,  as  is  apt  to  be  the 
case,  no  surplus  velocity  at  all  could  be  assumed,  and  the  virtual  and 
actual  profile  would  again  coincide. 

For  a  farther  example  from  practice  of  the  effect  of  varying  velocity  to  mod- 
ify gradienis,  and  of  the  deceptive  indications  of  the  power  of  engines  obtained 
by  neglecting  it,  see  the  close  of  Chapter  XX. 

410.  It  will  be  evident  that,  in  practical  work,  a  virtual  profile  need 
not  be  constructed  for  the  entire  length  of  the  line,  but  only  at  points 
where  it  is  likely  to  make  an  important  difference.  On  long  stretches 
of  level  or  minor  g^dients  we  need  feel  no  anxiety,  unless  at  stopping 
points.  On  long  stretches  of  maximum  grade  we  know  that  we  must 
accept  the  actual  as  the  virtual  grade.  In  such  a  sag  as  that  at  d.  Fig. 
72,  it  is  plain  that  virtual  profile  will  differ  importantly,  but  it  is  unneces- 
sary to  draw  it  as  in  the  cut.  Granting  our  assumed  safe  velocity  in  the 
hollow  d^  of  2$  miles  per  hour  (vel.-head,  by  Table  118,  22.2  ft.),  and  the 
assumed  velocity  of  10  miles  per  hour  (vel.-head,  3.55  ft.)  on  the  summits 
on  each  side,  the  assumed  difference  of  velocity  in  effect  makes  a  fill  at 
doi  22.2—3.5  =  16.7  feet.  We  have  therefore  merely  to  lay  off  vertically 
16.7  feet  above  d  and  connect  the  point  thus  fixed  and  the  actual  sum- 
mits by  a  dotted  grade  line,  and  we  obtain  the  same  virtual  profile  as 
that  shown  in  Fig.  72,  but  3.55  feet  lower,  so  as  to  touch  the  actual 
grade  line  at  the  summit ;  and  so  at  any  other  point.  ^ 

411.  The  danger  in  using  such  a  process  as  this  as  a  basis  iot 
laying* out  grades  is  solely  one  common  to  most  engineering 
and  other  work — bad  judgment  as  to  the  practical  possibilities 
and  necessities.  Thus,  a  stop  may  be  required  where  one  is  not 
anticipated,  or  a  velocity  may  be  assumed  which,  owing  to  cur- 
vature or  other  cause,  may  not  be  practicable  or  expedient.  The 
possible  use  of  sand  in  starting  or  at  particular  points,  or  the 
varying  power  of  the  locomotive,  may  be  forgotten,  or  a  speed 
may  be  assumed  at  summits  so  low  as  to  leave  an  insufficient 
margfin  for  head  winds  and  similar  contingencies.  The  lowest 
speed  that  can  properly  be  assumed  at  a  summit,  as  a  general 
rule,  in  view  of  these  contingencies,  is  about  10  miles  per  hour 
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for  freight  trains  and  20  miles  per  hour  for  passenger  trains. 
Even  that  is  leaving  very  little  margin,  for  when  a  train  has 
fallen  below  a  speed  of  10  miles  per  hour  it  requires  very  little 
to  stall  it. 

Nevertheless  with  reasonable  care  and  skill  it  is  a  simple  mat- 
ter to  construct  such  a  profile  and  save  the  consequences  of  the 
vague  and  rash  guesses  as  to  the  effect  of  ''  taking  a  run"  at 
grades,  which  are  sometimes  made,  when  the  effect  of  momentum 
is  considered  at  all. 

This  most  important  caution  should  be  remembered,  however: 
With  the  virtual  profile  once  properly  constructed,  no 
FURTHER  LIBERTIES  CAN  BE  TAKEN  WITH  IT.  The  maximum  vir- 
tual grade  represents  precisely  the  power  of  the  engine;  and 
whether  the  virtual  gradient  be  100  feet  or  xoo  miles  long,  it  is 
equally  decisive  of  the  power  of  the  enpne,  except  as  the  latter 
may  itself  vary. 

412.  It  will  be  evident  from  the  preceding  discussion  that 
rise  and  fall  has  the  most  serious  effect  on  slow  freight  service, 
and  will  in  all  cases  become  inadmissible  for  such  service  con- 
siderably before  it  becomes  of  serious  moment  for  passenger 
trains.  Such  an  undulation  of  profile  as  is  shown  at  d^  Fig. 
72,  for  example,  produces  hardly  any  measurable  effect  upon 
the  speed  of  a  fast  passenger  train,  simply  causing  an  undula- 
tion of  a  few  miles  per  hour  in  ordinary  passenger  speed  (say 
from  50  to  55  miles  per  hour),  which  is  hardly  perceptible  to  the 
senses.  In  this  rise  and  fall  is  unlike  curvature,  for  the  latter  (if 
the  grades  have  been  properly  compensated)  is  most  objection- 
able for  high-speed  service. 

413.  The  extremely  important  effect  which  even  very  mod- 
erate fluctuations  of  velocity  may  have  to  modify  nominal 
grades,  even  for  slow  freight  trains,  is  illustrated  in  Fig.  73. 
According  to  the  profile  this  is  a  0.8  per  cent  (42  feet  per  mile) 
maximum  grade,  and  even  allowing  somewhat  for  the  effect  of 
*'  momentum*'  it  would  be  very  apt  to  be  classed  as  a  0.6  grade. 
In  reality,  the  0.8  grade  at  the  top  of  the  hill  may  be  one  mile 
long,  and  it  can  still  be  operated  as  a  virtual  0.4  grade  (si  feet 
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|>er  mile)  iC  we  may  count  with  certainty  on  approaching  the  foot 
of  the  hill  at  a  speed  of  ^^\  .  .  miles  per  hour.  We  shall  still 
be  able  to  turn  the  hill  with  ', 
a  velocity  of  nearly  10  miles  ■ 
per  hour,  our  highest  inter- 
mediate velocity  being  sS  \ 
miles  per  hour,  \ 

If  we  cannot  count  on  a    ■*', 
higher  velocity  than  15  miles     ° 
per  hour  at  the  foot  of  the 
hill.whether  because  of  curva- 
ture, a  station,  or  bad  grades, 
vre  cannot  quite  do  this.     We 
shall  have  only  18  instead  of 
34  vertical  feet  of  "head"  in 
the  train  at  elevation  no,  3  of 
which    we    must    have    at    the      ^\ 
summit  to  avoid  danger  of  stall-      °''. 
ing.      As   we  use  up  0.4  feet  of        ', 
head  for  each  station  of  0.8  grade 
the    0.8    grade,    at     the     top    of 
the   hilt    cannot    be    longer    than 
'    ~~  3  _  JS  _       -  stations,   if  the 

0.4         0.4 
entire  grade  is  to  be  operated  as  a 
virtual  0.4.  i^'i 

Such  undulations  are  often  ex-  '. 
tremely  desirable  for  economy's  sake,  ' 
or  to  make  an  otherwise  impossible  lo- 
cation (easH}le.  Let  us  therefore  deter- 
mine their  exact  effect  on  slow  train 
service  and  the  consequent  limits  of  safe 
practice  ;  since  if  these  limits  are  passed 
unnecessary  injury  may  be  done  to  the 
line.  In  Fig.  73,  for  example,  the  virtual  gradient  shown  is  a 
reasonable  one  because  at  no  point  does  it  reduce  the  speed  very 
low,  but  if  the  points  at  elevations  60  and  no  were  ten  or  fifteen 
feet  higher  it  would  no  longer  be  so. 
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The  introduction  of  close  couplers  is  now  (1890)  rapidly  reducing  the 
need  for  very  long  vertical  curves. 

SAFE  LIMITS  OF  UNDULATIONS  OF  GRADE. 

414t  We  will  suppose  a  train  of  40  cars,  say  1300  feet  long  and  weigh 
ing  1600  tons,  to  be  moving  with  a  uniform  velocity  of  15  miles  per  hour 
(22  feet  per  second)  toward  station  100,  Fig.  74.  The  pull  of  the  loco- 
motive is  perhaps  16,000  lbs.,  being  in  any  case  precisely  that  required 
to  move  the  train  at  15  miles  per  hour  on  a  long  0.2  grade. 

It  has  been  already  stated  (pars.  399,  403)  that  so  long  as  the  steam- 
power  of  the  locomotive  is  unvariea  the  relative  motion  of  the  train  and 
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the  tension  on  each  draw-bar  will  be  practically  uniform  and  unvaryingr 
whatever  the  variation  of  grade,  the  change  in  resistance  taking  the  form 
of  increased  or  decreased  velocity.  The  only  time  when  the  tension  on 
the  draw-bar  is  not  absolutely  fixed  and  unvarying  is  in  passing  from 
one  grade  to  another,  and  this  occurs  as  follows  : 

415.  As  the  engine  passes  over  station  100,  Fig.  74.  continuously 
exerting  the  same  steam-power,  the  change  in  the  rate  of  grade  (from 
+  0.2  to  —  0.2)  makes  a  difference  of  8  lbs.  per  net  ton  of  its  weight,  or, 
say,  8x62.5  =  500  lbs.  in  all,  in  its  pull  on  the  draw-bar,  thus  increasing 
its  pull  on  the  train  for  the  moment  from  16,000  to  16,500  lbs.,  or  about 
3  per  cent.  This  increased  traction  will  immediately  begin  to  make  the 
train  move  faster,  and  as  some  of  it  must  be  absorbed  in  making  the 
engine  itself  move  faster,  not  all  of  it  will  be  transmitted  backward  to 
the  train. 

Three  seconds  afterwards,  two  other  cars  will  have  passed  over  sta- 
tion 100,  and  will  increase  the  traction  on  the  draw-bars  behind  them  by 
some  320  lbs.  more.  This  increase  of  tractive  force,  likewise,  having  no 
extra  resistance  to  use  it  up.  will  take  the  form  of  an  increase  in  velocity. 

So  as  each  car  in  succession  passes  over  the  break  of  grade  the  accd^ 
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crating  force  gradually  increases  from  zero  (as  the  engine  approaches 
station  loo)  to  8  lbs.  per  ton  of  weight  of  the  whole  train,  when  the 
entire  train  has  finally  passed  over  the  apex. 

416.  The  instant  that  this  occurs  the  tension  on  the  draw-bars  will  be 
precisely  the  same  as  before  throughout,  viz.,  that  due  to  the  work  of  the 
engine  only,  and  will  be  employed  in  the  same  manner — in  overcoming 
the  normal  train  resistance  on  a  grade  of  +  0.2  at  the  original  velocity ; 
while  the  extra  accelerating  force  from  the  change  of  grade  will  be  act- 
ing upon  the  train  independently  to  communicate  velocity,  precisely  as 
if  it  were  descending  the  same  plane  without  resistance  and  with  no 
other  force  acting. 

The  final  velocity  at  stations  12$  and  140  will  be  precisely  the  same  as 
if  it  had  fallen  freely  through  a  height  equal  to — not  the  actual  differ- 
ence of  level  between  100  and  140 — but  through  a  vertical  height  equal 
to  the  drop  in  the  actual— 0.2  grade  from  the  dotted  +  0.2  grade,  on 
which,  by  assumption,  the  locomotive  was  exerting  just  enough  power  to 
keep  the  train  moving  at  15  miles  per  hour. 

What  will  be  the  Velocity  of  motion,  then,  at  125  ?  Computing  it  as 
before,  we  have — 

The  original  velocity  of  1 5  miles  per  hour  is  equivalent  to  a 

fall  through  space  of  (see  Table  118)....   7.99  feet* 

The  dip  in  the  grade  is 10.00 

Hence  the  train  at  125  will  have  the  velocity  "  due"  to  a  free 

fall  of 17.99 

which  by  Table  118  will  be  22.5  miles  per  hour. 

This  is  an  entirely  safe  aj^d  unobjectionable  velocity.  At  station  140 
the  "dip"  is  16  feet  instead  of  lo.o  feet,  and  the  velocity  acquired  is 
16.0  +  7.99  =  23.99  ^^^'  feet  =  a  velocity  of  26.0  miles  per  hour,  which 
may  be  claimed  to  approach  the  utmost  limit  of  expediency  for  freight 
service. 

Had  the  dip  been  20  feet,  the  velocity  acquired  would  have  been 
about  28.1  miles  per  hour.  A  dip  of  20  feet  may  therefore  be  considered 
about  the  maximum  which  it  is  permissible  to  ride  over  in  freight  ser- 
vice without  shutting  off  steam,  on  good  track  and  with  favorable 
alignment. 

417.  These  velocities  would  actually  be  somewhat  less  than  the  fig- 
ures given,  owing  to  the  fact  (i)  that  the  centre  of  gravity  of  the 
train  does  not  rise  quite  as  high  or  fall  quite  as  low  as  the  highest  or 
lowest  point  of  the  track,  and  (2)  that  the  resistance  of  the  train  in- 
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creases  with  the  velocity  (see  Table  120  and  Chap.  XIII.),  whereas  «e 
have  assumed  it  to  be  constant;  but  as  the  difference  is  of  no  great 
moment  in  the  details  we  are  now  considering,  and  as  the  neglect  of  it 
tends  to  safety,  it  is  not  here  considered. 


Table  120. 

Approximate  Grades  of  Repose  for  Various  Trains  (as  Determined  vs 

Table  166).    See  also  Table  z8a 


Velocity. 

Miles 

Per 

Hour. 

Freight  Trains 

OF— 

Pasuwcbii  Tradis 

OF— 

Approximatk  General 
Average. 

Twenty 
Cars. 

Fifty 
Cart. 

Four 
Cm*. 

Twelve 
Cart. 

Grade 
PerCenL 

Feet 
Per  Mite. 

ID 

15 

20 

25 

30 

40 

50 

60 

70 

0.30 
0.36 
0.46 

0.58 
0.73 

I.IO 

•  •   *   • 

•  •  •   • 

•  *  •  • 

0.28 
0.33 
0.40 
0.48 
0.59 
0.90 
. . .  • 
.  • .  ■ 
•  *  •  • 

0.34 
0.40 

0.52 

0.69 

0.88 

1.38 
2.02 
2.81 

3-74 

0.27 
0.34 
0.42 

0.53 
0.65 

0.98 

1.39 
1.89 

2.49 

0.30 
0.35 
0.40 
0.50 
0.65 
I.OO 

1.50 
2.25 
3.00 

16.34 
19.48 
21.12 
26.40 
36.32 
52.50 
79.20 
118.80 
I6S.4O 

The  resistance  in  pounds  per  ton  is  givm  by  multiidyin^^  the  above  by  2a 

418.  Now,  what  takes  place  in  the  hollow  at  140^  when  the  engine  be^ 
gins  to  ascend  ?  Here,  if  anywhere,  is  the  point  of  danger,  and  here  is  in 
fact  a  very  great  danger,  the  precise  nature  and  limits  of  which  should  be 
determined.  The  danger  arises  from  the  fact  that  in  the  hollow  of  a 
grade,  where  the  head  of  the  train  is  on  an«p  grade  and  the  rear  of  the 
train  on  a  down  grade,  there  is  liable  to  be  a  momentary  crowding  to- 
gether of  the  train. 

This  liability  occurs  only  when  the  head  and  rear  of  the  train  are  on 
different  grades.  We  have  just  seen  (pars.  415, 416)  that  when  the  whole 
train  is  on  the  same  grade,  however  great  its  rate  of  ascent  or  descent,  the 
tension  on  the  draw-bars  will  remain  the  same,  being  that  arising  from  the 
traction  of  the  locomotive,  and  the  additional  energy  communicated  to  or 
taken  from  the  train  by  the  grade  will  take  the  form  of  an  increase  or 
decrease  of  velocity,  which  is  uniform  throughout  the  train  because  the 
grade  is  uniform. 

419.  In  the  hollow  of  a  grade  this  is  not  so,  and  hence  arises  the 
tendency  for  the  rear  of  the  train  to  run  up  against  the  front  when  pass- 
ing such  points  under  certain  conditions,  taking  all  the  "  slack"  out  of 
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the  train  and  bringing  the  draw-bars  into  more  or  less  compression.  The 
next  instant,  when  the  hollow  is  passed  and  the  uniform  grade  (whatever 
it  may  be)  is  struck,  the  normal  condition  of  tension  throughout  the  train 
returns,  but  returns  with  a  jerk ;  for  with  the  present  awkward  style  of 
couplings  the  difference  in  length  of  a  train  in  tension  or  compression  is 
very  considerable.  The  "  slack"  varies  from  4  to  6  inches  or  more  per  car, 
according  to  the  degree  of  force  with  which  the  springs  are  compressed 
and  extended,  so  that  a  train  of  60  or  80  empty  cars  may  shorten  as  much 
as  30  to  40  ft.  The  jerk,  when  this  slack  is  "taken  out,"  is  exceedingly 
apt  to  break  the  train  in  two,  and  it  is  at  such  hollows  in  grades  that  most 
of  such  breakages  occur. 

420.  The  reality  of  the  danger  may  be  illustrated  by  a  literally  truthful 
anecdote :  In  the  old  days  of  iron  rails,  some  thirty-five  years  ago,  when 
derailments  were  much  more  frequent  and  more  easily  caused  than  now,  a 
certain  especially  poor  road  was  having  very  frequent  derailments,  so  that 
each  conductor  was  having  derailments  every  few  days.  One  of  the  older 
conductors  was  singularly  exempt  from  such  accidents,  for  which  no 
reason  appeared.  In  answer  to  repeated  questions,  he  at  last  confessed 
that  he  "always  kept  his  caboose  brake  set  up  a  little."  This  was  con- 
trary to  orders,  but  it  had  the  practical  effect  of  keeping  the  draw-bars 
always  in  tension,  and  at  the  cost  of  a  slight  waste  of  power  prevented 
the  more  serious  danger. 

Such  crowding  together  is  dangerous,  not  only  for  the  quick  jerk 
which  must  almost  inevitably  follow  it,  but  because  it  tends  to  crowd  the 
cars  out  sidewise  against  one  or  the  other  rail,  and  so  produce  irregularity 
of  motion,  causing  the  wheels  to  hunt,  as  it  were,  even  more  zealously 
than  they  ordinarily  do,  for  the  first  defect  by  which  they  may  escape 
from  the  track.    Especially  on  curves  this  is  very  dangerous. 

421*  The  philosophy  of  trains  breaking  in  two  is  simply  this :  At  the  top  of 
the  grade  the  steam  is  partially  shut  off  and  the  brakes  put  on  slightly  ;  but 
before  reaching  the  foot  of  the  grade  the  brakes  are  almost  always  let  off,  and 
the  train  strikes  the  foot  of  the  ascent  '*  full  of  slack."  A  careful  engineman 
will  then  let  on  steam  gently,  and  all  will  be  well.  The  more  careless  will  **  pull 
out"  with  a  jerk,  and,  if  he  be  careless  enough,  he  will  be  almost  certain  to 
break  a  link  or  pull  out  a  draw-head,  for  such  parts  can  hardly  be  made  strong 
enough  (at  least  in  the  present  fashion)  to  resist  a  too  sudden  exertion  of  the 
power  of  the  engine.  To  a  great  extent  the  numt)er  of  such  accidents  is  en- 
tirely in  the  hands  of  the  engineer.  It  has  not  unfrequently  happened  that, 
when  the  employ^  were  annoyed  by  an  increase  of  train  or  other  cause,  the 
feeling  of  annoyance  has  taken  the  form  of  a  jerky  fashion  of  pulling  out  the 
throttle,  which  has  resulted  in  an  alarming  increase  in  such  accidents  and  ter- 


360         CHAP,  IX.—RISE  AND  FALL^SAFE  LIMITS  OF, 

rified  a  doubling  or  inexperienced  superintendent.  So,  too,  the  introduction  of 
heavier  engines  has  had  and  will  almost  certainly  have  dangerous  consequencei, 
— for  a  time, — partly  because  the  enginemen  are  really  inexperienced  in  band- 
ling  such  powerful  machines  and  partly  from  a  secret  willingness  to  throw  dis- 
credit upon  ihem. 

422.  We  will  consider  the  mechanical  reasons  why  a  very  slight  set- 
ting up  of  brakes  on  a  rear  car  should  reduce  these  dangers,  and  how— 
as  that  remedy  is  objectionable  as  a  regular  reliance — it  also  can  be  safdy 
dispensed  with  in  passing  sags. 

A  train  of  cars  coupled  together  may  be  considered  as.  mechanically, 
a  single  solid  body.  All  solid  bodies  have  more  or  less  elasticity,  and 
alter  their  dimensions  under  exterior  force  applied  to  certain  parts  only. 
A  train  has  more  than  usual  longitudinal  elasticity:  that  is  all. 

The  motion  of  such  a  body,  as  respects  the  action  of  gravity,  is  the 
same  as  if  its  mass  were  concentrated  at  its  centre  of  gravity. 

423.  The  centre  of  gravity  of  such  a  train  does  not  descend  into  the 
apex  of  the  hollow  in  Fig.  74  or  75  (assuming  such  sharp  intersections  of 


t 


Pig.  75. 

g^ade  to  exist  in  practice),  although  each  individual  car  does.  Its  path 
lies — for  simple  geometrical  reasons  which  the  student  may  be  assumed 
either  to  understand  or  to  take  for  granted — at  a  uniform  distance  above 
a  circular  arc  or  parabola  (according  to  the  assumptions  made)  tangent  to 
the  two  grades  at  the  points  e.g.,  one  half  train-length  from  the  apex.  In 
Fig.  75  we  assume,  as  the  simplest  case,  that  a  level  grade  intersects  an 
0.6  per  cent  ascent,  instead  of  a  —  0.2  and  +  a4  grade  in  Fig.  74.  The 
results  we  shall  reach  are  not  essentially  varied,  whatever  the  rates  of  the 
separate  grades,  if  their  angle  of  intersection  is  the  same. 

Let  us  assume  for  the  moment  the  train  in  Fig.  7$  to  be  exerting 
within  itself  just  energ}'  enough  to  balance  its  own  resistances*  so  that  it 
is  in  the  theoretical  condition  of  a  body  moving  in  vacuo  without  either 
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fUDing  or  losing  velocity,  snd  moving  at,  say,  36  miles  per  hour,  equal 
to  a  "  velocity-head  "  (Table  1 18)  of  33-99  '^t-  ^^^  simplicity  we  will 
assume  the  train  to  be  i30O  feet  long  and  to  weigh  uniformly  one  ton 
per  foot,  and  we  viU  assume  it  to  consist  of  only  8,  12,  or  more  very  long 
cars  instead  of  some  40^  as  it  probably  would. 

424.  Under  these  conditions,  when  the  train  has  reached  the  position 
indicated  by  the  black  line  OC  in  Fig.  7(1,  with  the  rear  car  just  past  the 
•pea  O,  its  centre  of  gravity  B  will  be  precisely  6.00  x  a.6  =  3.6  feet  higher 
than  at  A,  and  the  train  as  a  whole  will  have  surrendered  an  amount  of 
energy  and  of  velocity  corresponding  to  that  height.    The  centre  of 


FlO.  7*. 

fitavity  will  have  moved  in  the  arc  AOB.  and  the  velocity  with  which 
the  train  as  a  whole  is  moving  at  any  point  Oor  B  is  given  with  absolute 
precision  by  substracting  the  ordinates  to  the  curve  from  the  base-line 
A  A'  from  the  initial  "velocity-head."  as  is  done  in  Fig.  76.  At  B  the 
velocity  will  be  only  14.0  miles  per  hour. 

With  the  tniin  in  this  position,  each  car  considered  separately  would 
have  surrendered  the  energy  and  velocity  represented  by  the  successively 
diminishing  ordmates  aa'.  and  if  the  train  were,  as  assumed,  a  body 
moving  through  space  from  original  impulse  without  resistance  or  com- 
manicated  force,  the  inevitable  effect  of  such  conditions  would  be  to  pro- 
doce  a  uniform  compression  throughout  the  body  at  all  the  points  aa' 
(each  rear  particle  pressing  against  that  in  front  of  it)  whenever  the  path 
of  the  body  were  deflected  upward,  however  slightly. 

429^  But  the  train,  although  as  a  whole  it  is  in  the  condition  stated, 
yet  internally  to  itself  is  in  very  difierenl  condition.  A  strong  acceler- 
atiag  force  (the  engine)  is  acting  in  front  at  C;  a  strong  retarding  force 
<say  10  lbs.  per  ton)  throughout  the  rear  of  the  body.  The  two  counter- 
act and  destroy  each  other,  their  net  resultant  being  zero;  but  in  so  doing 
tbey  produce,  or  tend  to  produce,  a  state  ot  tension  throughout  the  train. 
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What  is  required  is,  not  that  this  tension  shall  not  be  reduced  u 
passing  changes  of  grade,  but  that  it  shall  not  be  exchanged  in  any  put 
of  the  train  (or  only  in  a  very  small  part)  for  a  state  of  compression.  A 
train  may  be,  as  respects  its  couplings,  in  three  conditions : 

1.  In  tension,  its  normal  condition,  which,  whether  grater  orless.w'i 
only  extend  the  springs  a  little  more  or  less,  but  make  no  material  difo- 
ence  in  the  whole  length  of  the  train. 

2.  In  neither  tension  nor  compression,  the  two  adjacent  cars  tending 
for  the  moment  to  move  with  the  same  velocity,  so  that  no  force  of  any 
kind  is  communicated  from  one  to  the  other.  This  condition  can  onljr 
be  momentary. 

3.  ///  compression,  the  cars  behind  crowding  upon  those  in  front 

In  the  transition  from  the  first  to  this  last  condition  lies  the  Whole 
danger.  So  long  as  we  do  not  pass  the  second  (which  is  more  properij 
merely  a  line  of  demarcation  between  the  first  and  third)  we  are  safe. 

426.  This  we  shall  avoid  if  the  rear  car  (or  cars),  where  the  tension  is 
least,  nowhere  itself  tends  to  move  faster  than  the  train  as  a  whole  is 
moving  at  the  same  moment,  during  the  period  of  transition  from  one 
grade  to  another,  Figs.  75,  76,  or  78. 

The  rear  car,  when  travelling  on  a  grade  of  any  rate,  as  a,  d,  or  c.  Fig. 

yj,  has  a  ceruin  frictional  resistance 

which  will  make  it  of  itself,  without 

C^'^^ —     exterior  assistance,  surrender  vcloc- 

^>  ^^ff^"^^    ,  i^y  as  if  it  were  moving  on  the  dot- 

^  grade  without  friction,  instead  of 

^'^'  77-  on  the  actual  grade  with   friction. 

The  difference  between  the  dotted  and  actual  grade  is  the  so-called 
"  grade  of  repose,"  marked  g  in  Fig.  78.  By  even  a  slight  application  of 
brakes  this  grade  of  repose  may  be  very  greatly  increased. 

Since  the  train  as  a  whole,  then,  is  moving,  mechanically,  without 
friction,  and  surrendering  velocity  at  the  same  rate  as  if  its  mass  were 
concentrated  at  its  centre  of  gravity  and  moving  in  the  path  thereof  {A 

B,  Figs,  f^  and  78},  at 

«-=  Gracfe.of  Repose  oF/^tsf  ^^'^-^^gf^^    ^^^  I^***^  *"  ^^^  passage 
^  --^^ifr  fj^om  A  xo  B  the  train 


.,%-''  A        ^..^^n^^^iy^  as  a  whole  is  surrender- 

ing velocity  at  ike  rate 
due    to    the   grade   m 

which  the  centre  of  gravity  is  for  the  moment  moving  m  its  path  AB, 
The  steepest  point  on  this  curve  is  at  the  tangent  point  B,  at  which  same 
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isumt  the  rear  car  of  the  train  itself  strikes  the  up  grade  at  Oy  and  en- 
Minten  the  same  retarding  resistance  as  the  rest  of  the  train,  so  that 
le  danger  of  its  crowding  up  on  it  is  then  past. 

#27.  By  comparison  of  the  conditions  just  stated  for  the  last  car  and 
te  whole  train  we  deduce  this  simple  rule : 

To  OBVIATE  ALL  DANGER  OF  THE  REAR  PORTION  OF  THE  TRAIN 
KOWDING  UPON  THE  CARS  IN  FRONT,  WITHOUT  THE  USE  OF  BRAKES, 
.T   ANY  SAG  IN  A  GRADE  LINE: 

TJU  rate  of  the  grade  on  which  the  head  of  the  train  stands  must  in  no 
mse  exceed  that  on  which  the  rear  of  the  train  stands  by  more  than  the 
'greuU  of  repose  "  of  the  last  car.  Otherwise  the  latter  will  crowd  up 
ffi&m  the  train, 

428t  The  grade  of  repose  may  be  increased  for  the  time  being  above 
be  normal  (i)  by  applying  brakes,  and  (2)  by  the  engineman  **  pulling 
>at"or  beginning  to  exert  more  force  upon  the  train  at  or  quite  near  to 
lie  apex  O,  In  the  latter  case,  until  the  train  has  acquired  a  velocity 
XMTesponding  to  the  new  tractive  force,  the  "  grade  of  repose"  of  the  rear 
ar,  or  its  resistance  to  moving  with  the  train,  will  be  considerably  greater. 
rhe  first  of  these  remedies  is  objectionable  as  a  regular  reliance,  and  the 
lecond  is  too  uncertain.  Therefore  the  rule  above  may  be  considered 
Mie  which  it  is  desirable  to  adhere  to  strictly  whenever  possible. 

429.  Since  the  conclusions  reached  above  depend  on  the  DIFFER- 
ENCES in  the  rate  of  grade  (see  Figs. 
r7  and  78),  it  is  obvious  that  they  ap- 
^y  alike  to  all  hollows  in  grade  lines, 
vhether  both  be  ascending,  both  de-  ^i<^  79- 

icending,  or  one  descending  and  one 
iscending.  To  see  this  more  clearly 
[which  should  be  almost  self-evident),  f  *"»1' 

ip  Fig.  78  in  various  directions  so  as 

x>  correspond  to  all  the  conditions  of  practice.  It  will  be  obvious  that 
tlthough  the  changes  in  the  absolute  velocity  of  the  train  and  every  part 
>f  it  will  be  greatly  modified,  yet  that  the  relation  of  the  motion  of  the 
car  to  the  whole  train  will  not  be  modified. 


430.  We  see  in  what  has  preceded  the  urgent  reasons  why  the 
ise  of  long  and  easy  vertical  curves  in  the  hollows  of  grade  lines 
»hould  never  be  neglected.  The  conditions  are  entirely  different 
n  a  salient  or  rising  angle  in  a  grade-line  like  Fig.  79  and  in  a 
lollow  like  Fig.  80.     In  passing  over  the  former  there  is  only  a 
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momentary  increase  in  the  normal  tension.  If  too  sudden,  this 
is  objectionable,  so  that  vertical  curves  should  be  used  in  all 
cases;  but  it  is  the  reversal  of  strain  in  a  hollow  which  is  par- 
ticularly objectionable,  and  for  them  the  rule — The  ciiangein 
rate  of  grade  in  a  train-length  should  never  exceed  the  grade  of 
repose  of  the  last  car — should  be  strictly  adhered  to  when  the 
cost  of  doing  so  is  not  too  great. 

431.  From  this  it  follows  that  the  longer  the  train  and  the  lower  the 
grade  of  repose  the  easier  should  be  the  vertical  curve,  and  vice  versa. 
As  the  grade  of  repose  increases  with  the  velocity,  it  is  evident  that 
short  trains  at  high  speed,  like  passenger  trains,  are  in  little  danger  of 
any  such  effect,  and  that  to  obviate  it  altogether  the  longest  possible 
train  and  the  lowest  possible  resistance  for  the  last  car  or  cars  should 
be  assumed. 

The  lowest  probable  resistance  for  the  rear  of  the  train  at  any  sudi 
point  is  about  6  lbs.  per  ton.  Dynamometer  tests  of  freight  trains  show, 
indeed,  average  resistances  of  3i  to  4  lbs.  in  frequent  instances,  but  the 
speed  is  likely  to  be  high  at  the  particular  localities  in  question,  and 
there  is,  moreover,  a  certain  atmospheric  resistance  from  suction  at  the 
rear  of  the  train  (which  may  be  estimated,  by  analogy,  from  expenments 
on  a  small  scale,  at  about  half  as  much  per  square  foot  as  that  at  the 
head  of  the  train)  which  will  increase  the  resistance  of  the  rear  can 
somewhat  above  the  rest  of  the  train.  Curve  resistance,  if  uncompen- 
sated (and  still  more  when  compensated,  in  descending  a  grade),  may 
affect  the  question  either  way,  according  to  its  location.  Grade  resist- 
ance, as  we  have  seen,  does  not  in  itself  affect  the  question  in  the  slight- 
est. The  difference  between  the  grades  at  the  rear  and  bead  of  the  train 
alone  concerns  us. 

432.  The  utmost  length  of  train  will  depend  on  the  ruling  grade 
of  the  road.  An  empty-car  train  will  have  about  twice  the  length  of  a 
loaded  train  ;  but  empty-car  trains  are  unusual,  their  rolling  friction  is 
higher,  and  the  phenomenon  is  not  so  objectionable  that  it  aiay  not  in 
occasional  instances  be  permitted,  especially  as  it  can  be  avoided  by 
brakes,  or  "  pulling  out,"  if  desired.  A  35-  or  40-car  train  will  be,  say, 
1200  ft.  long,  and  this  may  not  unreasonably  be  taken  as  an  average  maxi- 
mum. On  heavy-grade  lines  a  shorter  assumed  length  of  train  may  suf- 
fice, and  on  low-grade  lines  the  trains  may  be  much  longer. 

433.  Assuming  1200  ft.  (12  stations)  length  of  train,  and  6  lbs.  per 
ton  (0.3  grade)  for  the  resistance  of  the  rear  car  or  cars,  we  have  the  rule— 
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Vertical  curves  in  sags  should  hi  400  //.  long^  or  200  //.  on  each  side 

^  the  vertex  ( \fo^  ^^^^  tenth  in  change  of  rate  of  grade ^  making 

ike  ckamge  in  rate  of  grade  per  station  not  over  0.025  P^^  station,  if  xix, 
POSSIBILITY  of  bringing  the  draw^bars  of  any  part  of  the  train  into  com- 
feression  while  passing  over  it  is  to  be  avoided.  With  half  this  length  of 
curve,  which  is  considerably  more  than  is  usual  in  laying  out  vertical 
corves,  all  danger  of  "  taking  out  the  slack  "  in  the  front  half  of  the  train, 
where  there  is  most  danger  of  breaking  in  two»  will  be  avoided. 

434.  A  short  and  simple  method  of  putting  in  vertical  curves  is  given  at 
tiM  close  of  this  chapter.  The  omission  of  such  curves,  and  the  neglect  to  make 
dicm  long  enough  when  used  at  all,  is  one  of  the  most  prevalent  and  unfortu- 
nate of  the  minor  errors  of  location,  for  it  often  converts  a  sag  which  would 
ocherwise  be  almost  innocuous  into  a  serious  disadvantage.  The  bad  results  in 
•nch  a  case  will  very  naturally  be  ascribed  to  the  sag  itself  instead  of  to  the 
bad  manner  of  putting  in  the  sag ;  and  in  this  way  a  prejudice  even  greater 
tbaa  the  facts  justify  exists  against  such  breaks  of  grade.  With  proper  care 
Ibey  may  be  used  harmlessly  with  some  freedom,  especially  as  it  is  nearly 
always  possible  to  take  them  out  in  part  or  whole  at  any  time  when  circumstan- 
ces seem  to  require  and  permit,  by  increasing  the  height  of  the  fills  or  grading 
a  aew  line.  In  this  manner,  in  fact,  it  is  often  possible  to  provide  for  eventually 
■ecaring  better  line  and  grades  than  it  would  otherwise  be  possible  to  obtain. 

So  soon  as  an  automatic  close  coupler  shall  be  adopted,  eliminating  all  loose 
■lack  from  the  train  (and  it  is  now  clear,  for  reasons  given  in  Chapter  XII., 
Chat  such  a  coupler  is  the  only  proper  form  to  adopt),  much  of  the  impor- 
tance of  connecting  breaks  of  grade  by  extremely  easy  vertical  curves  will 
disappear.  It  is  hardly  safe,  however,  to  count  upon  any  speedy  and  gen- 
eral action  in  that  direction. 

435.  Let  it  therefore  be  repeated,  that  so  long  as  (i)  it  is  not  neces- 
sary to  alter  in  any  way  the  steam-power  of  the  engine  to  avoid  too  high 
speed,  and  (2)  so  long  as  the  transition  from  one  grade  to  another  is  ex- 
tremely gentle  and  gradual,  such  breaks  are  a  matter  of  the  most  trifling 
naoment.  But  to  this  rule  there  are  some  exceptions.  Thus,  a  sag  of  10 
or  15  feet  might  be  entirely  innocuous  on  a  long  tangent  between  sta- 
tions. 3ret  at  some  other  point  on  the  line,  where  the  profile  is  precisely 
the  same,  it  might  be  a  serious  and  even  dangerous  evil.  A  sharp  curve 
at  the  bottom  of  the  sag  might  necessitate  a  very  low  speed  there,  or  a 
heavy  grade  near  at  hand  make  high  speed  desirable.  A  station,  or  a 
siding,  or  crossing,  or  water-tank  may  in  the  future,  if  not  at  present, 
necessitate  a  stop  there.  In  any  such  case  the  sag  would  at  once  change 
its  character  from  a  harmless  economy  to  a  serious  and  costly  error,  if  it 
be  for  any  reason  a  permanency.    If,  on  the  other  hand,  it  can  be  taken 
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Fig.  8z. 


Fig.  8a. 


out  at  any  time  by  simply  filling  up  the  hollow,  of  course  far  greater 
boldness  may  be  used. 

436.  It  will  be  obvious,  furthermore,  that  the  effect  and  disadvan- 
tages  of  such  sags  are.  other  things  being  equal,  the  same,  whatever  the 

rate  of  the  grade  on  which  the 
^  sag  occurs.  Thus  in  Fig.  81 
there  is,  literally  s{>eaking.  no  rise 
and  fall  at  all,  because  it  is  a  con- 
tinuous up  g^de ;  yet  if  the  loco- 
motive be  ascending  this  grade, 
and  exerting  just  power  enough 
to  maintain  a  uniform  velocity. 
the  effect  of  the  mere  break  of 
"  grade  is  precisely  the  same  as  the 
actual  sag  and  rise  and  fall  in  Fig. 
82.  In  each  case,  if  the  train  be 
moving  at  a  uniform  velocity  of  12  or  15  or  20  miles  per  hour  (=  velo- 
city-head, by  Table  118,  of  5.1 1,  7.99,  and  14.20  ft.),  the  sag^  will  increase 
the  velocity-head  by  4.0  ft.,  to  9.1 1,  11.99,  and  18.20  ft.,  and  thevelodiy 
in  the  bottom  of  the  hollow  (neglecting  the  fact,  as  heretofore,  that  the 
centre  of  gravity  of  the  train  does  not  rise  quite  so  high  nor  fall  quite  so 
low  as  the  angles  of  the  grade)  will  be  increased  to  16.0.  18.4.  and  216 
miles  per  hour.  After  passing  the  bottom  of  the  hollow  the  train  begins 
to  lose  velocity,  and  on  again  reaching  the  main  grade  is  moving  at  the 
same  velocity  as  when  it  left  it. 

437.  The  above  makes  clear  that  it  is  a  fallacy  to  count  up  the  nuo- 
ber  of  feet  of  rise  and  fall  merely  from  the  ups  and  downs  as  shown  bf 
the  differences  of  elevation  of  the  profile,  as  one  of  the  criterions  of  the 
excellence  of  a  line.  Ordinarily  this  may  not  prove  very  deceptive  bnt 
the  true  comparative  importance  to  be  ascribed  to  rise  and  fall,  and 
hence  the  limits  of  the  three  classes  of  rise  and  fall.  A,  B.and  C,  assum- 
marized  in  par.  367,  and  again  in  par.  451,  must  be  determined  in  a  dif- 
ferent way. 


LIMITS  OF  THE  CLASSES  OF  RISE  AND  PALL. 

438.  Limits  of  Class  A.  (The  least  objectionable  class.) — ^The  nor- 
mal  freight  speed  may  be  assumed  to  be  15  miles  per  hour,  but  in  certain 
locations  it  is  not  likely  to  be  more  than  10  miles  per  hour,  and  in  other 
locations  it  may  usually  and  naturally  be  as  high  as  20  miles  per  boar. 
Assuming  a  train  to  be  approaching  a  sag  in  anygrade-line  at  these  rates 
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<ii  speed,  we  have  in  Table  121  the  maximum  velocity  which  sags  of  vari- 
ous depths  will  give  to  the  train. 

Table  121. 

OP  Sags  op  Various  Depths  below  a  Continuous  Grade-Linb 
and  having  thb  form  op  either  fig.  8 1  or  fig.  82  to  modify  the 
Speed  of  Trains. 

(Computed  hj  the  aid  of  Table  118,  as  explained  in  par.  400  et  seq,) 


-Gbsatsst 
J^mmi  or 

S«G  IN 

F«rr. 

Vbl.-Hbad  in  Train  at  Lowest 

Point  op  Sag  for  Spbros  op  Approach 

IN  MiLBs  Pbr  Hour  op— 

Maximum  Spbbd  in  BorroM  op  Sag 

for  Spbbd  op  Approach  in  Milbs 

Pbr  Hour  of — 

10 

IS 

20 

10 

IS 

20 

xione. ... 

5 

10 

15 

"SO 

^5 

30 

3.55 
8.55 
1355 
18.55 
23.55 
28.55 
33.55 

7.99 
12.99 

17.99 

22.99 

27.99 
32.99 

37.99 

14.20 
19.20 
24.20 
29.20 
34.20 
39.20 
44.20 

10. 

15.5 
19.5 

22.9 
25.8 
28.3 
30.8 

15. 

19. 1 
22.5 

25.4 

28.1 

30.5 
32.7 

20. 

23.2 

26.1 

28.7 

31.0 

33.2 

35.3 

This  table  assumes  that  the  train  is  approaching  at  a  uniform  speed,  and  that  the 
■looMnotive  continues  to  exert  the  same  uniform  power  in  passing  the  sag.  The  original 
ipeiocity  will  then  be  resumed  after  passing  it. 

If  Uiere  is  an  excess  of  accelerating  or  retarding  force  in  approaching  the  sag,  both  the 
«peed  in  the  bottom  of  the  sag  and  the  speed  after  passing  it  will  be  correspondingly 
liiglier  or  lower  than  the  speed  of  approach,  but  the  table  will  not  be  essentially  modified. 

The  manner  of  computing  Table  121  should  be  carefully  studied.  It 
will  be  seen  how  little  the  speed  of  approach  affects  the  resulting  speed 
at  the  bottom  of  a  sag  in  grade-line  of  any  considerable  depth.  Twice 
the  speed  of  approach,  20  miles  per  hour  instead  of  10,  increases  the 
speed  in  the  hollow  only  some  15  per  cent,  or  4^  miles  per  hour.  It  will 
alto  be  seen  how  comparatively  slight  is  the  effect  of  increased  depth  of 
«i^.  A  lo-ft.  sag  increases  10  miles  per  hour  to  20,  but  it  takes  20  ft. 
iDore,  or  a  30  ft.  sag  in  all,  to  increase  the  20  miles  per  hour  to  30.  At  a 
speed  of  approach  of  20  miles  per  hour  a  lo-ft.  sag  increases  the  speed 
6.1  miles  per  hour;  the  next  10  ft.  (20  ft.  in  all)  only  4.9  miles  per  hour, 
and  the  next  10  ft.  only  4.3  miles  per  hour. 

499.  The  table  likewise  shows  in  jpart  (for  fuller  explanation  see 
Chap.  XVIII.)  why  a  very  slight  break  upwards  from  a  long  continuous 
l^rade-line  is  so  very  much  more  injurious  than  even  a  considerable  drop 
below  it.  Sags  even  of  30  ft.  will  not  produce  an  absolutely  dangerous 
apeed,  bot  a  rise  of  even  3^  ft.  above  a  grade-line  will  bring  a  train  mov- 


368       CHAP,  IX.—RISE  AND  FALL--LIMITS  OF  CLASSES. 

ing  at  lo  miles  per  hour  to  a  stop,  or  a  train  moving  at  15  miles  per  hour 
to  a  speed  of  1 1.2  miles  per  hour. 

440.  The  highest  freight-train  speed  which  can  be  regarded  as 
reasonably  safe  and  practical  at  favorable  points  is  about  30  miles  per 
hour.  Such  speeds  are  ordinarily  far  less  objectionable  on  long  straight 
grades  than  on  undulating  grades,  for  the  reason  that  the  true  objection 
to  high  freight  speeds  (within  reason)  is  not  the  speed  itself,  but  abrupt 
alterations  of  speed.  With  long  and  easy  vertical  curves  (usually  want- 
ing), and  with  breaks  of  grade  so  designed  that  their  depth  will  not  give 
a  dangerous  maximum  speed  if  they  are  operated  as  virtual  continuous 
grades,  by  making  no  change  in  the  work  done  by  the  locomotive  but 
permitting  its  excess  of  work  to  take  the  form  of  velocity,  speeds  of  30 
miles  per  hour  for  the  moment  only  on  good  alignment  cannot  be  con- 
sidered as  in  the  least  objectionable,  and  are  very  common  in  present 
practice,  and  likely  to  become  more  so.     (See  par.  444.) 

If  we  assume  30  miles  per  hour  as  a  maximum  speed  at  certain  favor- 
ably situated  points  where  considerable  speed  is  desirable,  it  results  (sec 
Table  121)  that  sags  of  20  or  even  30  ft.  from  a  grade-line,  according  to 
the  speed  of  approach,  may  be  operated  as  a  virtual  continuous  grade. 

441.  We  therefore  conclude  that,  as  a  general  rule,  but 
with  a  number  of  modifying  special  conditions,  a  sag  of  not 
exceeding  20  ft.  in  vertical  depth  from  the  main  grade-line,  if 
eased  off  by  a  long  and  easy  vertical  curve  in  the  hollow,  will 
not  require  any  slacking  up  or  variation  in  steam-power,  and 
that,  if  it  does  not,  it  is  entirely  innocuous,  except  for  the  greater 
wear  and  tear  which  may  result  from  the  higher  speed.  That  ex- 
pense we  will  estimate  in  par.  452  et  seq. 

442.  If  the  sag  be  deeper  than  20  ft.,  and  sometimes  if  it  be  consider- 
ably less  than  20  ft.,  we  have  a  more  objectionable  class  of  rise  and  fall 
(Class  B,  pars.  367  and  451).  It  will  then  be  necessary  either  to  put  on 
brakes  (which  is  really  the  best  practice)  or  to  merely  shut  off  steam  and 
"  pull  out"  again  at  the  foot  of  the  grade,  which  is  the  too  common  prac- 
tice. 

It  is  in  this  latter  kind  of  sags,  especially  if  they  have  no  adequate 
apology  for  a  vertical  cur\'^e,  that  most  of  the  draw-heads  are  pulled  out 
and  trains  broken  in  two,  in  the  way  explained  in  par.  418-421.  In  part 
this  is  avoidable  by  care  in  running.  Nevertheless,  with  the  greatest 
practicable  care,  it  is  not  possible  to  prevent  frequent  serious  jerks  la 
trains  in  sags  of  considerable  depth,  which  will  sometimes  break  tbem 
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in  two.  Such  sags»  therefore,  become  more  and  more  objectionable  as 
they  increase  in  depth,  even  when  it  is  not  necessary  to  use  any  brakes. 

443*  The  point  at  which  it  certainly  becomes  necessary  to  apply  brakes, 
and  consequently  the  point  at  which  the  cost  of  rise  and  fall  is  materially 
increased  (Qass  C  pars.- 367  and  451),  varies  in  part  with  the  rate  of  grade, 
and  may  be  determined  as  follows : 

The  grades  of  repose  for  various  speeds,  i.e.,  the  grades  on  which  the 
accelerating  force  of  gravity  just  suffices  of  itself  to  keep  the  train  in 
motion  at  the  given  speed  without  assistance  from  the  engine  and  without 
either  gain  or  loss  of  velocity,  are  about  as  given  in  Table  120,  page  358. 

It  follows  from  Table  120,  that  if  the  admissible  limit  of  speed  on  any 
part  of  the  line  be  given,  any  grade,  however  long,  on  a  rate  not  exceed-- 
ifig  the  grade  of  repose  for  that  speed,  may  be  of  indefinite  length  without 
ever  requiring  the  use  of  brakes,  because  all  that  is  necessary  is  to  shut 
off  steam  at  the  top  of  the  grade  A,  Fig.  83  ;  when  the  train,  in  descend- 
ing the  g^de,  will  of  itself  either  acquire  or  lose  velocity  until  it  attains 


Fig.  83.  t^""^T^.^^:  **r***^ 

The  dotted  line  shows  ^n"^^v^  ***'^*'^* 

the  virtual  grade-line  of  a  ^   ^^'"^^'^^i.^  ***** 

train  starting  from  the  top  of  the  hill  with  a  small  ve-       l^^*"***^^  *'*'* 

locity,  which  gradually  increases  until  it  becomes  as  ^^**V«>»^ 

l^reat  as  the  acceleration  of  gravity  is  able  to  maintain.  *  ^***'*-w,,^^^ 

On  the  stretch  AB  the  speed  and  resistance  are  small,  ' 

and  the  ordinate  B  represents  the  vertical  energy  stored  in  the  train  as  velocity.  On  the 
next  stretdi  the  resistance  is  higher,  because  of  the  higher  speed,  but  there  is  still  an  ex- 
cess of  acceleration.  So  with  the  next  stretch;  but  as  the  resistance  grows  higher  and 
higher  with  each  increase  of  velocity  there  necessarily  comes  a  point  where  the  resistance 
and  acceleration  balance  each  other,  as  given  in  Table  120. 

the  velocity  at  which  the  accelerating  force  precisely  balances  the  rolling 
resistance.  This  grade  will  be  seen  to  be  very  high  for  fast  passenger- 
train  speeds,  so  that  there  can  rarely  or  never  be  necessity  for  the  use  of 
brakes  on  descending  grades  of  less  than  i  per  cent  (52.8  ft.  per  mile)  in 
ordinary  passenger  service,  merely  to  avoid  excessive  speed  due  to  the 
gradients  themselves.  Usually,  however,  heavy  gradients  are  accom- 
panied by  heavy  curvature,  which  latter  will  often  necessitate  on  long 
grades  a  rate  of  speed  but  little  higher  than  the  freight  maximum. 

444.  The  customary  speed  in  freight  service  shows  a  steady  tendency 
to  increase  at  points  where  velocity  is  of  assistance  in  hauling  heavy 
trains.  It  is  of  course  greatly  affected  by  the  character  of  the  line  as  to 
34 
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curvature,  but  the  idea  formerly  prevalent  that  the  most  economical 
speed  for  frcip^ht  trains  is  a  very  slow  one  has  been  pretty  thoroughly  ex- 
ploded, both  by  theory,  practice,  and  experiment.  Experiments  by  Mr. 
P.  H.  Dudley  on  the  Lake  Shore  &  Michigan  Southern  Railway  have 
shown  directly  that  "  with  long  and  hea\'y  freight  trains  it  required  less 
fuel  with  the  same  engine  to  run  trains  at  i8  to  20  miles  per  hour  than  ai 
10  to  12  miles  per  hour."  *  This  result — as  to  the  substantial  correctness 
of  which  there  is  little  room  for  doubt — is  not  due  to  the  actual  resist- 
ances to  motion  beinj?  any  lower,  or  as  low,  at  the  higher  speed,  but  10 
the  joint  action  of  the  following  causes  : 

1.  To  the  saving  of  power  at  undulations  of  grades,  in  the  manner 
heretofore  discussed  in  this  chapter,  the  extra  velocity  serving  as  a  reser- 
voir of  power  and  so  preventing  waste  thereof. 

2.  To  the  less  time  of  exposure  of  the  locomotive  to  radiation — a  sav- 
ing, in  all  probability,  of  ver\'  great  importance.     (See  pars.  344  et  ai.) 

3.  To  the  less  time  for  radiation  from  the  interior  surface  of  a  cylin- 
der into  the  exhaust  steam  ;  also  a  very  important  source  of  loss. 

On  the  other  hand,  evidence  presented  in  Chapter  XIII.  makes  it  at 
least  doubtful  if  the  resistance  is  more  than  a  pound  or  two  per  ton 
greater. 

445.  Whatever  may  be  the  cause,  the  expediency  and  economy  of  in- 
creasing freight-train  speeds,  on  fair  alignment,  up  to  20  and  even  (at 
points)  10  miles  per  hour  is  very  generally  recognized  and  acted  on  by 
the  more  prominent  managing  officers.  This  tendency  will  probably  be 
greatly  strengthened  in  the  near  future  by  (i)  the  general  adoption  of 
some  form  of  freiijht-train  brake  and  of  a  more  durable  and  stronger 
coupler,  and  by  (2»  the  increase  in  average  car-load  and  consequent  de- 
crease in  number  of  freigtit  cars  per  train,  with,  the  natural  attendant  in- 
crease oi  care  in  the  construction  of  freight  cars.  On  lines  using  the 
"speed  i^aui^e"  the  usual  maximum  speed  specified  is  22  miles  per  hour, 
a  rate  in  all  probability  which  at  some  points  on  some  lines  has  been  ex- 
pensively Iv^w.  and  w.^u'id  have  been  still  more  so  except  that  the  grades 
at  stations  are  u>ual!y  the  df-j\ictc  limiting  grades, and  not  those  between 

446.  It  will  therefore  be  safe   in  all  cases  to  assume  a  maximum 


*  Ir.i-s.  An-;  Soc.  C  E..  Oct.  i5-c.  The  explanation  there  given  by  Mr. 
P.  .:.ev.  '.r.!:  a:  :^i'  ':':^her  sreeas  "  the  locomotive  seems  lo  produce  its  power 
•••.'::r  ?.-.:  .  :v..v-a'.  .  .\  ;.<.:*:  ::-.c  sie.ir::  exp.msiveiy  to  a  greater  extent  than  at 
> .  o  A  > .  e  r  a  s '   \\ .  a .  a  <  e  f ::".        :  e  :  i  r t  a . :- 1  y  i r. c orrect.  except  as  the  less  time  for 

.  r. :  i- :  r . . '.  : .. a .  a : .  o : :  tv. .» \  l^e  >  u :  :  .^  5 1  a  : o  :  e  r ef erred  to. 
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freight-train  speed  of  about  22  to  25  miles  per  hour  on  long  grades*  cor- 
responding to  a  grade  of  repose  of  something  under  0.5  per  cent,  or  26.4 
feet  per  mile;  and  this»  under  favorable  circumstances,  for  important 
ends,  may  be  assumed  to  be  increased  to  nearly  30  miles  per  hour,  corre- 
sponding to  a  degree  of  repose  of  something  over  0.6  per  cent,  or  32  feet 
per  mile.  On  grades  not  exceeding  these  limits  rise  and  fall  on  grades 
of  any  length  will  not  be  likely  to  require  the  use  of  brakes,  or  to  en- 
danger objectionable  "  slack"  in  the  train,  with  the  most  moderate  care 
in  running,  • 

447.  The  point  at  which  a  grade  on  rates  exceeding  these  limits  be- 
comes so  long  that  the  use  of  brakes  will  become  necessary  is  readily 
determined  as  follows : 

Let  AB,  Fig.  84,  be  such  a  grade  and  AB*  be  the  average  grade  of  repose 
while  attaining  the  assumed  admissible  velocity,  say  0.4  per  cent,  for  a 


Fio.  84. 

mazimum  velocity  of  25  miles  per  hour,  or  0.5  per  cent  for  30  miles  per 
hour.  Let  the  lowest  velocity  at  which  it  is  necessary,  expedient,  or  prob- 
able that  trains  will  approach  A  be  also  determined.  It  will  depend  on  the 
character  of  the  line  back  of  A.  If  A  be  at  the  foot  of  a  long  grade,  no 
lower  velocity  than  the  maximum  admissible  could  safely  be  assumed, 
and  the  application  of  brakes  would  be  immediately  necessary  on  reach- 
ing A,  If  A  were  a  station  the  initial  velocity  would  be  O,  It  is  desira- 
ble that  the  velocity  should  be  as  low  as  possible,  but  as  enginemen  do 
not  always  pay  close  attention  to  little  matters  of  economy  such  as  sav- 
ings the  use  of  brakes — especially  if  behind  time — it  should  not  be  taken 
too  low.     Let  us  suppose  it  to  be  10  or  15  miles  per  hour ;  then  we  have : 

Initial  velocity  at  A,  10  miles  per  hour.  15  miles  per  hour. 

Corresponding  velocity-head 3-55  ft.  7-99  ft. 

Corresponding  velocity-head  at  maxi- 
mum velocity  of  25  miles  per  hour.  22.20  "  22.20  " 


Difference 18.65  "  14-21 


« 
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which  latter  is  the  vertical  distance  D,  Fig.  84,  which  the  grade  will  have 
to  fall  below  the  grade  of  repose  before  the  train  will  acquire  the  maximum 
admissible  velocity. 

This  being  given,  it  is  a  simple  matter  to  compute  the  horizontal  dis- 
tance AD'  and  the  corresponding  vertical  fall  D  +  D\     In  the  above 

example,  the  excess  of  the  actual  grade  over  the  assumed  0.4  grade  of 

1 8.6  c 
repose  being  0.6  per  cent,  we  find  Z>  +  Z^  to  be      ^    =31.1  stations  for 

14.21 
an  initial  speed  of  10  miles  per  hounand       ^-  =  23.7  stations  for  an  in- 
itial speed  of  15  miles  per  hour.    In  this  manner  we  may  construa  Table 
122. 

448.  Any  grade,  at  any  given  rate  whatever,  which  does  not  exceed 
in  length  and  vertical  rise  the  limits  of  Table  122  can  be  operated  in  the 
routine  of  freight  service  without  the  use  of  brakes  (the  cost  of  such  rise 
and  fall  being,  consequently,  very  much  less)  provided  that  there  be  no 
excessive  curvature  or  other  special  cause  near  the  foot  of  the  grade  to 
require  especially  low  speed  at  that  point.    Ordinary  curvature,  with  a 

Table  122. 

Distance  within  which  the  Velocity  of  Trains  descending  Various 
Grades  without  Steam  or  Use  of  Brakes  will  exceed  the  Limits 
OF  25  and  30  Miles  Per  Hour,  starting  with  Various  Initial  Ve- 
locities. 


Ratb  op  Gradb. 


Admissible  Maximum  Velocity 
OF  25  MiLBs  Per  Hour. 


oer  Cent. 

Less  Grade 
of  Repose. 

0.4 

0.0 

0.5 

o.z 

0.6 

0.2 

0.7 

0.3 

0.8 

0.4 

0.9 

0.5 

I.O 

0.6 

1-5 

x.x 

9.0 

X.6 

^.0 

2.6 

Initial  Velocity  at  Top  of 
Grade,  in  Miles  Per  Hour. 


i  °"^ 

'  Infinite 
I  222.0 


ZII.O 

74.0 

55  5 
44-4 
370 

30.2 

13-9 
8.5 


10 

IS 

Infinite 

Infinite 

1S6.5 

X42.1 

93a 

71.0 

62.2 

47-4 

46.6 

35.5 

37-3 

28.4 

32.2 

237 

17  0 

12.9 

II. 7 

8.9 

7.2 

5-5 

20 


Infinite 
80.0 
40.0 
96.7 

90.0 

x6.o 

X3-3 
7.3 
50 
3X 


Admissible  Maximum  Velocity 
OP  30  Miles  Per  Hoir. 


Initial  Velocity  at  Top  of 
Grade,  in  Miles  Per  Hour. 


0  + 

10 

Infinite 

Infinite 

»4 

•t 

3>9-5 

•84.0 

«59.7 

Z43.0 

X06.5 

94.7 

79-9 

71.0 

63.9 

56.8 

39.0 

a8.4 

91.3 

18.9 

X9.8 

11.4 

15 


20 


Infinite  Infinite 


«i 


939.6 

ZZ9.8 

79.9 

59 -9 

47-9 

94.0 

z6.o 

9.6 


«77  5 

83.8 

59-2 

44-4 

35-5 

«7-7 
II. 8 

7-1 
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Table  122. — Continued. 

Total  Vertical  Fall  in  Feet  from  Top  of  Grade  to  Point  where  the 
admissible  Maximum  Velocity  is  attained,  as  above. 


0.4 
0.5 

0.6 

0.7 
0.8 
0.9 

s.o 

i-5 

90 

30 


Infinite 

Infinite 

Infinite 

Infihite 

Infinite 

Infinite 

Infinite 

ISI.O 

9S« 

7X.O 

40.0 

tt 

*» 

*i 

66.6 

55-9 

49.6 

24.0 

X9X.7 

X70.4 

X43.8 

51.8 

43f 

33. a 

«8.7     ' 

XXX. 8 

99-4 

839 

44-4 

3TS 

98.4 

x6.o 

85.a 

75-8 

64.0 

40.0 

»^ 

«5  5 

14.4 

79.0 

63.9 

540 

370 

§■•• 

93.7 

«3-3     1 

1 

63.9 

56.8 

47.9 

y>.3 

•5  5 

19.4 

ID. 9 

48.0 

42.6 

36.0 

27.8 

93  4 

«7-8 

XO.O 

49.6 

37-8 

32.0 

25.5 

ax. 6 

X6.5 

9-3 

38.4 

34. a 

28.8 

Infinite 


»« 


X06.S 
62.9 

47-4 
40.0 

35-5 
96.6 
93.6 
91.3 


Computed  as  follows : 

At  Boecd  of 

0 

CO* 

99.90 

XO 

3-55 
92.20 

«5 

7-99 
22.  ao 

20 
14. 20 
22.20 

0.00 
31-95 

3-55 

3»-95 

7.99 
3«  95 

Vel  -bead  

X4.90 
31.95 

Do.  at  35  (and  30)  m.  p.h. 

Difference 

99. 90 

X8.65 

X4.ax 

8.00 
.40 

3»-95 

28.40 

23.96 

1775 
.50 

Assumed  ayerage  ^rade 
of  refx>sc 

Then  the  actual  rate  of  grade,  less  the  grade  of  repose,  gives  the  fall  per  station  which 
goes  to  increase  the  velocity,  and  the  *' differences"  above,  divided  by  the  surplus  fall  per 
station,  gives  the  number  of  stations  within  which  the  permitted  maximum  velocity  will 
be  attained,  as  in  the  first  part  of  the  table  above.  The  number  of  stations  x  rate  of 
grade  per  cent  gives  the  second  part  of  the  table. 

road-bed  in  good  condition,  can  be  operated  by  all  trains  with  almost  as 
great  safety  at  25  to  30  miles  per  hour  as  at  any  lower  speed,  if  the  speed 
does  not  require  to  be  suddenly  checked.  In  ascending  such  a  grade 
the  same  conditions  obtain  as  in  descending,  except  (i)  that  the  locomo- 
tive ascends,  the  grade  using  steam,  whereas  it  descends  without  steam  ; 
and  (2)  that  it  starts  or  may  start  with  the  high  velocity  which  gradually 
decreases  instead  of  with  the  low  velocity  which  gradually  increases. 
We  are  not  now  considering  the  effect  of  limiting  gradients,  which  is  an 
entirely  different  matter,  but  assuming  that  the  locomotive  has  sufficient 
power  to  ascend  all  grades  at  necessary  speeds,  as  of  course  in  all  cases 
it  must.  The  cost  of  decreasing  the  length  and  increasing  the  number 
of  trains  to  effect  this  end,  which  constitutes  the  chief  objection  to  gradi* 
ents.  is  not  now  under  consideration  at  all. 
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449.  Summarizing  the  preceding  discussion  of  the  nature 
of  rise  and  fall,  we  have  found  that  it  may  be  divided  into  the 
following  classes,  having  a  very  different  effect  on  operating 
expenses : 

Class  A.  Rise  and  fall  on  minor  gradients  and  for  small  un- 
dulations, not  sufficient  to  make  it  necessary  to  vary  the  power 
of  the  engine,  but  merely  causing  a  momentary,  gradual,  and 
unobjectionable  fluctuation  of  speed. 

Class  B.  Rise  and  fall  similar  to  class  A,  in  its  effect  in  speed, 
provided  steam  be  shut  off  in  descending,  but  not  requiring  the 
use  of  brakes  in  descending,  nor  seriously  taxing  the  power  of  the 
engine  on  the  ascent.    Tables  12 1-2  give  the  limits  of  this  class. 

Class  C.  Rise  and  fall  requiring  the  use  of  brakes  in  descend- 
ing, in  addition  to  shutting  off  steam,  in  order  to  avoid  exces- 
sive velocities,  and  consequently,  in  almost  all  cases,  more  or 
less  use  of  sand  in  ascending. 

450.  Rise  and  fall  is  most  conveniently  estimated  by  the 
number  of  vertical  feet  of  it,  since  the  cost  of  it  (which  in- 
cludes no  limiting  effect  on  trains)  depends  primarily  on  the 
length  of  grades  and  not  at  all  on  their  rate,  except  as  the  rate 
may  change  the  rise  and  fall  from  one  to  the  other  of  the  above 
classes.  A  foot  of  **rise  and  fall"  is  ordinarily  considered  as 
one  foot  of  ascent  with  its  corresponding  foot  of  descent,  so  that 
in  passing  over  a  hill  100  feet  high  there  are  100  feet  of  rise  and 
fall,  and  not  100  feet  ascending  +  100  feet  descending  =  200  feet. 

451.  The  amount  of  rise  and  fall  of  each  kind  on  the  profile 
should  be  determined  thus  : 

A.  All  rise  and  fall  arising  from  hollows  in  grade-lines  not 
exceeding  the  limits  specified  in  connection  with  Table  121  (par. 
435  ^^  ^^<I')y  i^  ^he  grades  are  connected  by  easy  vertical  curves  and 
are  not  too  near  stations,  or  very  bad  curvature,  will  belong  to 
the  least  objectionable  class,  A.  If  the  hollows  are  sharp  and 
abrupt,  however,  even  if  quite  small,  the  rise  and  fall  will  be 
more  objectionable  than  the  worst  class  here  considered. 

B.  All  rise  and  fall  on  grades  too  long  to  come  under  Class  A» 
but  on  rates  of  grade  so  easy  that  the  train  can   never  obtaia 
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m  dangerously  high  velocity  when  running  without  brakes  with 
steam  shut  off,  will  belong  to  Class  B.  So  also  will  rise  and  fall 
on  any  grade,  howeyer  steep,  which  is  not  long  enough  for  the 
train  to  obtain  a  dangerously  high  velocity,  as  fixed  in  Table  123 
and  par.  447  et  seq.  So  also,  strictly  speaking,  will  the  upper 
part  of  any  grade,  however  steep  and  however  long,  on  which 
no  dangerously  high  velocity  can  result  according  to  Table  122  ; 
but  it  would  be  an  objectionable  refinement,  tending  to  an  under- 
estimate of  the  cost  of  bad  details  of  location,  to  so  consider. 

C.  Class  C,  therefore,  should  be  considered  to  include  the 
entire  length  of  all  grades  so  long  and  steep  as  to  require  the 
use  of  brakes  in  descending. 

The  ruling  grade  of  the  line  may  belong  to  either  Class  B  or 
Class  C.  In  either  case  it  will  involve  the  occasional  use  of 
sand  and  more  or  less  slipping  of  wheels,  and  perhaps  breaking 
in  two  of  trains  in  ascending,  and  thus  make  an  addition  to  the 
cost  of  either  class  which  would  not  apply  to  the  same  grades  if 
they  were  not  ruling  grades,  and  hence  did  not  so  severely  tax 
the  power  of  the  engine. 

The  limit  of  these  classes  will  vary  in  every  case,  but  there  is 
a  tolerably  sharp  line  of  demarcation  between  the  cost  of  each, 
which  may  be  estimated  as  follows  : 

THE  COST  OF  RISE  AND   FALL. 

4^2t  Fuel. — Except  as  wasted  by  brakes,  there  is  no  loss  of  power 
(energy),  and  except  as  wasted  by  brakes  and  radiation  combined,  there 
is  no  loss  of  either  fuel  or  power,  from  any  amount  of  rise  and  fall  of 
Class  A,  if  we  neglect  the  slight  difference  in  f fictional  resistances  result- 
ing from  a  (so  to  speak)  regularly  irregular  speed  instead  of  from  a  uni- 
form speed  averaging  the  same  in  miles  per  hour.  This  necessarily  fol- 
lows from  elementary  dynamic  laws.  Even  if  there  be  a  difference  in 
the  level  of  the  two  termini,  what  power  is  lost  in  going  in  one  direction 
is  regained  in  returning. 

When,  in  the  case  of  rise  and  fall  on  easy  gradients  requiring  no 
brakes  (Class  B),  we  run  a  part  of  a  distance  of  one  or  two  miles  (the 
ascent)  under  steam  and  another  part  of  it  (the  descent)  with  steam  shut 
oflF,  assisted  by  gravity  only.— or  in  other  words,  assisted  by  the  energy 


.  :#• 
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stored  in  the  train  during  the  run  over  the  up  grade  by  the  act  of  lifting 
it  against  gravity,— the  total  time  that  the  locomotive  is  exposed  to  ex- 
terior radiation  is  the  same,  and  probably  also  the  loss  of  heat.  The  loss 
from  interior  radiation  in  the  cylinders,  a  very  important  loss,  explained 
in  Chapter  XL,  is  affected  as  follows : 

It  is  increased  by  the  (probable)  lower  piston  speed  in  ascending  the 
up  grade. 

It  is  decreased  by  the  (probable)  later  point  of  cut-off.  and  hence  less 
oscillation  of  temperature  in  the  cylinder;  the  disadvantage  of  this  latter 
very  nearly  balancing,  as  experiment  shows,  the  theoretical  gain  from  an 
earlier  point  of  cut-off.  This  is  to  say,  from  both  of  these  causes  com- 
bined, the  steam  used  for  equal  work  in  the  locomotive  engine  is  about 
the  same  at  all  points  of  cut-of!  less  than  half  stroke ;  which  leads  to  the 
conclusion  that  the  steam  (not  fuel)  used  to  run  an  engine  two  miles 
will  be  about  the  same  whether  the  work  is  uniform  for  the  whole  run  or 
is  all  done  during  the  first  mile  in  taking  the  engine  up  an  easy  grade, 
down  which  it  runs  by  gravity  for  the  second  mile.  The  loss  by  ex- 
ternal radiation  during  the  last  mile  will  be  a  net  loss.  The  fuel  used 
will  probably  be  much  more  increased,  not  only  by  possible  blowing  off 
of  steam  from  the  safety-valve,  but  by  blowing  out  more  unconsumed  coal 
from  and  wasting  more  heat  through  the  smoke-stack,  owing  to  the 
stronger  draft.  In  Chapter  XI.  it  is  shown  that  in  proportion  as  the  work 
of  the  engine  is  increased,  economy  of  fuel  consumption  is  decreased. 

From  all  these  causes  combined  a  locomotive  running  without  brakes 
or  steam  down  grades  too  steep  to  continue  the  steam-power  unchanged, 
but  not  steep  enough  or  long  enough  to  require  the  use  of  brakes,  will 
burn  probably  one  fourth  to  one  fifth  more,  and  certainly  not  over  one 
third  more  fuel  in  ascending  one  mile  on  the  grade  equal  to  the  grade  of 
repose  (assumed  at  26  feet  per  mile,  or  0.5  per  cent),  and  then  descend- 
mg  one  mile  without  steam,  than  in  running  two  miles  on  a  level.  Al- 
lowing one  third  more,  80  vertical  feet  of  rise  and  fall  on  such  grades 
will  waste  fuel  equal  to  the  average  consumption  per  mile. 

453.  When  brakes  are  required,  owing  to  the  grade  being  either  too 
steep  or  too  long  to  permit  of  operating  it  without  them,  the  power  used 
in  ascending  is  entirely  lost,  except  that  portion  of  it  which  is  just  suffi- 
cient to  Icoep  the  train  in  motion  on  the  grade  of  repose.  That  is  to  say: 
The  rise  and  fall  at  RC,  Fig.  85.  consists  of  two  parts,  the  upper  part,  A 
belon^inii:  to  Class  H,  and  the  lower  part  only,  C  belonging  to  Class  C 
which  is  very  much  more  costly,  objectionable,  and  dangerous.  In  laying 
out  a  line  this  fact  must  be  borne  in  mind ;  the  lower  portion,  C  estimated 
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at  its  true  value  and  avoided  if  possible ;  the  upper  portion,  B,  less  care- 
fully avoided.  The  limit  between  classes  B  and  C  may  be  taken  in  round 
figures  as  the  height  of  the  point  b.  Fig.  85,  above  or  below  the  g^de  of 
repose  descending  frgm  A,  ^^^. ^ 

although,  strictly  speaking,  }^!^^^^^^^^^^^"a 

the  grade  of  repose  should   ^^^'^  ^**^***vJ^Vr/§^^*^ 

be  drawn  in  starting  from  *^^  ^*^*^**v4»*'**' 

the    point   on   the  grade  ^^^^v^ 

where  the  limits  of  Table  ^  ^*- 

J  -  -  Fig.  85. 

122  and  par.  447  are  passed, 

so  that  dangerously  high  speed  before  reaching  the  foot  of  the  grade  is 

-certain.    But  when  this  point  is  once  passed  great  care  in  handling  the 

train  on  a  grade  where  brakes  are  known  to  be  essential  cannot  fairly 

be  assumed,  so  that  it  is  fairer  and  more  reasonable  to  assume  that  all 

the  fall,  C  Fig.  85,  will  be  of  the  objectionable  class. 

When  an  engine  is  descending  a  grade  without  steam,  the  wastage  of 
fuel  by  radiation  and  slow  combustion  is  at  first  (say  for  10  or  15  minutes) 
very  considerable — about  one  fourth  of  the  usual  consumption  per  mile. 
The  loss  of  fuel  on  this  most  objectionable  class  of  rise  and  fall  may  be 
taken  as  equal  to  the  average  consumption  in  running  a  mile  for  every 
26  feet  of  rise  and  fall. 

454.  Repairs  of  Cars  and  Locomotives. — The  use  of  brakes  is 
excessively  destructive  to  wheels.  Table  114,  page  318.  will  make  it 
^lear  that  something  like  one  third  of  the  total  cost  of  wheels  arises  from 
this  cause,  and  other  data  that  as  much  as  forty  or  fifty  per  cent  arises 
from  them.  Brakes,  however,  are  used  even  more  for  stopping  and 
starting  than  on  grades — sometimes  very  much  more;  and  the  whole 
cost  of  wheels  is  only  some  30  per  cent  of  freight-car  repairs  and  very 
much  less  of  passenger  cars.  The  records  of  wheels  drawn  on  the 
Pennsylvania  Railroad  indicate  {a)  that  about  30  per  cent  of  passenger- 
car  wheels  are  drawn  for  being  "  worn  flat  from  sliding,"  and  that  their 
life  is  from  this  cause  abbreviated  from  one  third  to  one  half.  About 
one  sixth  of  the  wheels  are  drawn  for  being  "worn  flat  or  hollow  on 
tread."  which  class  of  wear  is  distinctly  ascribed  in  the  Pennsylvania 
classification  to  "  wear  from  rail." 

If  we  should  consider  only  such  facts  as  these,  we  might  reach  the 
conclusion  that  the  wear  due  to  gp-ades  must  be  a  very  important  element 
in  the  cost  of  freight-car  repairs ;  but  by  referring  to  Table  86,  j)age  203, 
and  remembering  that  grades  are  only  one  of  many  causes  for  wear  and 
tear  of  cars,  we  shall  see  reasons  for  concluding  that,  while  it  is  exceed- 


378 


CHAP.  IX.—RISE  AND  FALLr^COST  OF. 


ingly  difficult,  in  fact  impossible,  to  reach  an  exact  estimate  in  such  \ 
mattter  as  this,  yet  that  it  is  not  probable,  if  all  grades  were  levelled  dom 
flat  so  as  not  to  require  in  any  case  the  use  of  brakes,  except  for  stops, 
wheel  renewals  would  not  be  reduced  more  than  one  sixth  nor  car 
repairs  as  a  whole  more  than  one  tenth.  The  only  item  of  car  repain 
other  than  the  wheels  affected  to  an  important  extent  is  the  cost  of 
draw-gear  and  links  and  pins,  and  the  loss  in  this  respect*  as  we  have 
seen  (par.  419),  arises  more  from  lack  of  proper  vertical  curves  at  breaks 
of  grade  than  from  the  grades  themselves. 

Table  123. 

Variations  in  the  Quality  of  Watxr  Supply,  Chicago,  Burlington  & 

QuiNCY  Railroad. 


Locality. 


Chicago  Division  : 

Best 

Worst 

Average 

St.  Louis  Division  : 

Best 

Worst 

Average 

Lake  Michigan 

Hudson  River 

Croton  River,  N.  Y  . . . 
Loch  Katrine,  Scotland. 


Grains  Pbk  Gallon. 


Incrusttng 
Solids. 


10.666 

28.851 


16.405 

4.898 
20.178 


11.490 


7  305 

7.177 
5.362 
0.911 


Alkalies  and 
NoD-cr  listing. 


Lbs. 

Incrusting 

Matter  in  Tank 

of  9750 
Gallons. 


1.365 
10.788 


4. 19 
11.33 


2.853 

1.458 
2.449 


6.44 

Z.92 
7.93 


1.678 


4.5X 


0.626 
1. 136 
1.511 
1.333 


a. 87 
2.82 
a. II 
0.36 


CompantlTe 

Incrusting 

Matter. 

Lake  Michigas 


=  i.oo. 


1.5 
3.9 


2.2 

0.7 

2.8 


1.6 


i.o 

I.O 

0.7 

O.I 


Incrustinp:  solids  include  silica,  oxide  of  iron  and  alumina,  carbonates  of  lime  and 
ma{^esia,  and  sulphates  of  lime  and  magnesia. 

Tlie  standard  tank  of  the  road  carries  2750  gallons. 

The  non-incrusting  matter  may  be  partly  deposited  as  mud  and  partly  mechanicaUy 
combined  with  the  scale.  According  to  this  table,  an  engine  consuming  three  full  tanks 
of  water  per  day  would  in  a  week's  work  with  the  a^'erage  water  in  the  Chicago  Division 
accumulate  at  lea.st  116  lbs.  of  incrustation.  With  the  best  water  on  the  St,  Louis 
Division  (taken  from  the  Mississippi  at  Rock  Island)  the  result  of  a  similar  week's  work 
would  be  only  34^^  lbs.  of  incrustation.  The  difference  shows  the  importance  of  good 
water. 

The  water  of  Loch  Katrine,  Scotland,  from  which  Glasgow  derives  its  supply,  is  about 
the  purest  and  softest  known. 
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450.  The  cost  of  locomotive  tires  will  be  affected  in  much  the  same 
way  and  to  the  same  extent  as  the  cost  of  car  wheels.  The  life  of  the 
boiler  is  likewise  unfavorably  affected  by  an  intermittent  instead  of 
regular  demand  for  power,  although  this  effect  is  slight  in  comparison 
with  the  injury  suffered  from  the  cooling  off  of  boilers  at  the  end  of  the 
trip,  from  the  effect  of  bad  water  and  many  other  causes  not  connected 
with  the  grades  between  stations.  Table  123  gives  an  idea  of  how  im- 
portant is  the  effect  6f  bad  water  on  locomotive  repairs. 

456.  It  is,  moreover,  true  of  both  engine  and  car  repairs  that,  as 
noted  in  par.  164,  when  we  search  for  evidence  of  the  effect  of  much 
rise  and  fall,  or  curvature,  or  (as  usually  happens)  both  together,  by 
comparing  the  cost  of  engine  and  car  service  per  mile  run  on  roads  or 
divisions  having  much' and  having  little  curvature  and  rise  and  fall,  we 
fail  to  find  it.  As  respects  grade,  this  results  in  part,  no  doubt,  from 
lower  speed  and  more  careful  handling  on  them ;  but  as  this  costs  the 
company  nothing  except  a  slight  delay,  we  may  fairly  regard  it  as  an 
offset,  to  some  extent.  In  the  first  edition  of  this  treatise  the  writer 
estimated  the  effect  of  rise  and  fall  at  5  per  cent,  on  the  total  cost  of 
repairs  of  engines  and  cars  per  mile,  for  each  25  feet  per  mile  (0.5  per 
cent,  nearly)  which  would  amount  in  2  per  cent  grades  to  something 
over  20  per  cent  per  mile  of  ascent  and  descent.  Taking  an  average  of 
the  mountain  divisions  of  the  Pennsylvania  Railroad,  this  would  require 
that  a  difference  of  at  least  15  per  cent  should  be  visible,  and  on  the 
Baltimore  &  Ohio  at  least  20  per  cent,  whereas  in  fact  no  such  difference 
api>ears  in  either  case.  This  fact,  together  with  a  careful  estimate  by 
items,  which  cannot  be  given  more  fully  than  above,  leads  the  writer  to 
believe  that  his  original  estimate  was  too  high  and  it  is  reduced  in  the 
estimate  below  (Table  124)  to  4  per  cent,  which  is  the  utmost  that  the 
statistical  evidence  seems  to  justify. 

On  Class  A  of  rise  and  fall  there  cannot  be  considered  to  be  any 
measurable  increase  in  the  cost  of  rolling-stock  maintenance  if  proper 
vertical  curves  are  used.  On  Class  B  (requiring  shutting  off  steam  for 
descending,  but  not  the  use  of  sand  or  brakes)  there  is  very  little — cer- 
tainly not  over  one  fourth  of  what  exists  on  the  worst  class,  C. 

457.  Wear  of  Rails. — The  effect  of  grades  on  the  wear  of  rails  is 
exaggerated  in  popular  belief  for  want  of  a  proper  distinction  between 
the  effect  of  a  heavy  ruling  grade,  which  increases  the  number  of  trains 
and  the  proportion  of  engine  tonnage,  and  the  effect  of  rise  and  fall 
simply,  on  which  the  number  of  trains  and  proportion  of  engine  tonnage 
is  the  same  as  on  adjacent  sections  of  level  track.    Thus,  in  an  able  and 
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elaborate  report  on  the  wear  of  rails  on  the  Pennsylvania  Railroad, 
already  quoted,  an  increase  of  some  75  per  cent  in  the  wear  of  rails  on 
grades  over  which  almost  three  times  as  many  engines  pass  as  on  ad- 
jacent sections  of  level  track  was  ascribed  to  the  effect  of  grades  as  such, 
whereas  it  is  in  reality  merely  an  expression  of  the  fact  that  an  engine 
wears  the  rails  several  times  as  much  as  the  same  weight  of  cars  (par. 
115).  In  so  far  as  this  is  the  cause  of  extra  wear  of  rails  it  is  an  effea 
arising  from  the  limiting  effect  of  gradients*  and  not  at  all  an  inherent 
property  of  gradients  as  such. 

When  we  eliminate  this  extraneous  question  we  are  driven  to  the 
conclusion  that  the  wear  of  rails  due  to  gradients  as  such  is  almost  nil 
except  as  their  rate  may  be  such  to  require  the  use  of  brakes  and  sand. 
The  use  of  sand  is  exceedingly  destructive  to  rails.  The  writer  found 
that  at  specially  exposed  localities  (near  stations  for  the  most  part),  where 
the  use  of  both  brakes  and  sand  was  usual,  the  wear  as  measured  by  loss 
of  weight  was  increased  some  75  per  cent ;  but  loss  of  weight  alone  is  an 
unfair  criterion,  since  the  wear  at  joints  is  a  very  important  factor  in  the 
life  of  rails,  and  often  requires  their  removal  before  they  are  fully  worn 
out.  Such  extreme  use  of  either  brakes  or  sand,  moreover,  is  not 
common  on  any  grade  as  at  the  points  covered  by  the  writer's  tests. 

458.  In  the  first  edition  of  this  treatise,  a  considerable  body  of  sta- 
tistics being  presented  and  discussed  to  which  it  appears  unnecessary  to 
again  give  space,  the  writer  estimated  that  the  wear  of  iron  rails  was  in- 
creased not  over  5  per  cent  per  25  vertical  feet  of  rising  grade  and  the 
same  on  the  corresponding  descent,  or  10  per  cent  for  each  25  feet  of 
rise  and  fall,  making,  on  a  2  per  cent  grade  (106  feet  per  mile)  a  differ- 
ence of  20  per  cent  in  the  aggregate  of  this  item  on  both  the  ascent  and 
corresponding  descent.  He  sees  no  reason  to  believe  that  this  estimate 
is  materially  in  error  in  either  direction  (unless  in  excess)  as  measuring 
the  eilect  of  gradients  pure  and  simple,  without  modification  in  the  num- 
ber of  engines  used  for  a  given  number  of  cars,  and  this  latter  occurs  only 
on  the  worst  class  of  rise  and  fall,  C.  For  that  class,  a  proper  estimate 
for  iron  rails  might  be  expected  to  still  hold  good  for  steel,  since  the 
proportion  of  the  grade  wear  to  the  level  wear  has  not  been  greatly  af- 
fected by  the  introduction  of  steel  on  such  steep  grades,  where  <peed  is 
slow. 

On  Class  A  there  is  certainly  no  direct  evidence  that  the  wear  of  rails 
is  afTected  at  all,  with  steel  rails.  With  iron  rails,  which  failed  mostly 
from  lamination  and  which  speedily  wore  to  an  irr^^lar  surface  on  top, 
on  which  any  considerable  increase  of  speed  caused  greatly  increased 
wear  and  tear,  the  case  was  different. 
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Class  B  of  rise  and  fall  likewise  has  little  effect  to  increase  rail  wear» 
but  as  it  is  apt  to  cause  a  somewhat  high  velocity  in  the  hollows,  it  un- 
doubtedly has  some  ill  effect ;  possibly  about  one  half  as  much  as  Class  C. 

459.  Maintenance  of  Road-bed  and  Track.— In  the  former 
edition  of  this  treatise  the  cost  of  these  items  was  estimated  as  increased 
In  about  the  same  ratio  as  the  rail  wear,  viz.,  5  per  cent  for  each  25  feet 
per  mile  (0.5  per  cent  nearly)  of  rise  and  as  much  for  the  corresponding 
fall.  A  liberal  estimate  in  such  a  matter  is  proper,  and  we  may  continue 
the  former  estimate  for  Class  C,  although  it  is  probably  somewhat  too 
high  for  average  conditions. 

On  Class  A  and  Class  B  the  disadvantages  and  advantages  of  the 
grade  may  be  fairly  considered  to  balance  each  other  as  respects  main- 
tenance of  road-bed  and  track.  A  great  compensating  advantage  from 
the  grade,  besides  the  lower  speed,  is  the  more  perfect  drainage,  giving 
a  firmer  road-bed  and  prolonging  the  life  of  ties  and  ballast  as  well  as 
preserving  the  surface.  Level  cuts  are  always  very  objectionable,  as  has 
been  rediscovered  many  times  since  one  of  the  early  English  engineers 
laid  out  one  several  miles  long,  which  caused  immense  difficulty  (and 
still  causes  it),  several  costly  tunnel  culverts  having  to  be  driven  to  drain 
it.  Grades  of  any  moment  are  usually  situated  in  comparatively  rugged 
and  difficult  regions,  and  the  increased  expense  arising  from  that  cause 
is  very  apt  to  be  erroneously  ascribed  to  the  effect  of  the  gradients 
themselves.  Creeping  of  rails  is  an  annoying  effect  due  in  part  to  gra- 
dients, but  has  been  largely  done  away  with  in  recent  years  by  improved 
forms  of  joints. 

460.  Train  Wages.— It  is  quite  conceivable  that  one  or  more  addi- 
tional brakemen  may  be  required  on  a  line  of  much  rise  and  fall,  yet  it 
would  ordinarily  be  quite  improper  to  include  this  as  one  of  the  ex- 
penses arising  from  it,  for  this  reason :  Whether  or  not  such  additional 
force  will  be  required  is  usually  determined  by  the  general  character  of 
the  line  beyond  hope  of  change  by  the  engineer.  In  comparing  two 
radically  different  lines,  it  might  be  an  element  worthy  of  consideration, 
but  the  slight  modifications  which  are  ordinarily,  alone  possible  can 
rarely  be  sufficient  to  in  themselves  make  any  difference  in  this  respect. 

461.  Station,  Terminal,  and  General  Expenses,  as  well  as  train 
wages  and  a  large  proportion  of  the  other  running  expenses,  cannot  be 
considered  as  affected  to  any  appreciable  extent  by  any  changes  in  rise 
and  fall  not  of  the  most  radical  and  extensive  nature. 

462.  From  all  that  has  preceded  we  may  deduce  that  no  lead- 
ing item  of  railway  expenditure  is  largely  affected  by  rise  and 
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fall  in  itself,  and  very  many  of  them  not  at  all  affected.  In 
Table  124  appears  a  detailed  summary  of  the  aggregate  effea 
to  increase  expenses  of  each  of  the  three  classes  of  rise  and  fall, 
A,  B,  and  C: 

A.  Not  requiring  shutting  off  steam  nor  change  in  the  natural 
velocity,  nor  use  of  brakes  or  sand.    (See  foot-note  to  Table  124.) 

B.  Requiring  shutting  off  steam  at  the  head  of  the  grade,  bui 
not  use  of  brakes  or  sand. 

C.  Requiring  use  of  both  brakes  and  sand. 

463.  The  summary  of  the  cost  per  year  of  a  foot  of  rise  and 
fall  at  the  foot  of  Table  124  shows  its  cost  to  be — 

Clan  C.  Class  B.  Class  A. 

Cost  on  minor  gradients $2  67  $0  84  $0  28 

Cost  on  ruling  gradients 3  50  i  67           

Addition  to  cost  of  same  amount  of  rise 

and  fall  if  on  ruling  gradient o  83  o  83           

These  sums,  divided  by  the  rate  of  interest  on  capital,  what- 
ever it  may  be,  will  give  the  justifiable  expenditure  per 
DAILY  TRAIN  to  avoid  ouc  foot  of  Hse  and  fall.  Thus,  if  capital 
cost  6  per  cent,  the  justifiable  expenditure  per  daily  train  to 
avoid  100  feet  of  rise  and  fall  (i.e.,  100  feet  up,  with  the  corre- 
sponding 100  feet  down)  will  be  for  each  class, — multiplying  the 
above  sums  by  100  and  dividing  by  0.06, — 

Class  C  Class  B.        Class  A 

If  on  minor  gradients $4»4SO         $1,400         $467 

If  on  a  ruling  gradient SfiZZ  *»7^3         ^^ 

To  reduce  the  ruling  to  a  minor  gradi- 
ent (leaving  the  ruling  gradient  else- 
where unchanged) 1,383  1,383         

It  would  be  impossible,  however,  that  there  should  be  so 
much  as  100  feet  of  rise  and  fall  of  Class  A  at  any  one  point, 
since  if  there  were  so  much,  or  even  half  or  one  quarter  so  much, 
it  could  not  belong  to  Class  A.  The  value  given  for  reductidn 
of  a  ruling  to  a  minor  gradient  refers,  of  course,  merely  to  the 
DIRECT  saving  of  wear  and  tear  by  having  the  grade  easier,  and 
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Table  124. 
Cost  Per  Train-Milk  and  Per  Daily  Train  of  26.4  Feet  of 
THE  Various  Classes  of  Rise  and  Fall. 
(Cost  of  train-mile  assumed  at  $1.00.) 


Itbm. 


Fuel 

"Water,  oil,  and  waste. . . . 

Repairs  of  engines 

Swttching->engine  service. , 
Train  wages  and  supplies. 

Repairs  of  cars 

Car-mileage 

Renewals  of  rails . . 

Adjusting  track 

Renewing  ties 

Earthwork,  ballast,  etc. . . 

Yards  and  structures 

Station  and  general 


Total. 


Toul 

Cost  of 

Item. 


Percentage  of  same 
increasing  with  36.4 
feet  of  rise  and  fall 

belonging  to— 
Class  C.      Class  B. 


7.6 
1.2 
5.6 
5.2 
15.4 
lO.O 

2.0 
2.0 
6.0 
3.0 
4.0 
8.0 
30.0 


100. o 


p.  C.  p.  c. 

100  33i 

50  20 

4.0  i.o 

Unafifected. 


(t 


4.0  1.0 

Unaffected. 
10. o  5.0 

5.0  0.0 

5.0  0.0 

5.0  0.0 

Unaffected. 


9-7 


3.0 


Cost  per  train-mile 
of  36.4  feet  of  rise 
and  fall  belonging 

to- 
Class  C.      Class  B. 


p.  c. 
7.6 
0.6 
0.22 


0.4 

•   •   •   • 

0.2 

0.3 
0.15 

0.2 


p.  c. 

2.53 
0.24 

0.06 

•  •   •   • 

•  •   •   • 

O.IO 

•  •   «   • 

0.10 
0.00 
0.00 
0.00 

•  •   •   • 

•  •   •   • 


9.67      3.03 


Per  Foot  of  Rise  and  Fall 366  .115 

Per  Foot  of  Rise  and  Fall  per  Daily  Train  (round  trip). . .  $2.67         $0.84 

If  the  Rise  and  Fall  be  on  the  Maximum  Grade,  whether  on  Class  B  or 
Class  C,  the  wear  and  tear  of  rolling-stock  and  track  will  be  so  increased  as  to  add  at 
least  3.0  cents  per  train-mile  to  the  cost  of  26.4  feet  of  rise  and  fall,  giving  us  the  follow- 
ing comparison  : 

Class  C.    Class  B. 
Cost  per  daily  train  per  foot  of  rise  and  fall  on  Minor  Gradients,  as 

aix>ve, $3.67       $0.84 


Addition  to  cost  of  the  same  grade  if  a  Ruling  Gradient  due  to  the 
extra  wear  and  tear  on  ruling  gradients, 

GiTing  as  the  cost  per  daily  train  per  foot  of  rise  and  fall  on  Ruling 

Gradients, $3.50 


0.83         0.83 


$1.67 


A  Foot  0/  Rise  and  Fall  means  a  foot  of  ascent  with  its  corresponding  descent 
(par.  450). 

Class  A  op  Rise  and  Fall  is  not  included  in  this  table,  because,  as  will  be  seen 
from  the  preceding  discussion  of  the  details  of  expenses,  no  expense  can  be  directly  traced 
to  it  in  any  single  item.  In  considering  this  apparently  doubtful  conclusion  the  strict 
limitations  laid  down  for  the  class  in  par.  435  et  seq,  are  to  be  remembered.  Moreover, 
although  the  effect  on  expenses  of  rise  and  fall  of  this  class  is  so  small  as  to  defy  separate 
estimation  by  items,  yet  as  it  causes  some  variation  in  the  velocity  of  the  train  there  must 
be  considered  to  be  some  disadvantage  arising  from  such  rise  and  fall  for  this  cause  alone, 
.and  it  will  lead  to  no  serious  error  to  assume  its  cost  at  one  fourth  to  one  third  the  cost  of 
Class  B, 
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not  at  all  to  the  much  greater  value  which  results  from  reducing 
all  ruling  grades  throughout  the  line,  so  that  the  length  df 
trains  can  be  increased. 

464.  The  above  values  are  to  be  further  multiplied  by  the 
estimated  number  of  trains  per  day  (round  'trip).  Thus,  if  there 
are  expected  to  be  10  trains  per  day  each  way,  the  value  of  sub- 
stituting a  level  for  a  hill  100  feet  high  becomes  $14,000  to 
$44,500  for  minor  gradients,  and  $27,830  to  $58,330  for  ruling 
gradients — which  are  very  considerable  sums  if  we  remember 
that  they  are  quite  apart  from  all  limiting  effect  of  the  gradi- 
ents. The  value  of  changing  the  rise  and  fall  from  Class  C  to 
Class  B  is  nearly  $30,000,  and  of  reducing  a  rulings  g^dient  to  a 
minor  gradient  without  changing  the  class,  nearly  $14,000. 

465.  In  the  first  edition  of  this  treatise  the  cost  of  rise  and  fall  on  all  grades 
of  over  40  feet  per  mile  was  found  to  be — 

grades $1  04 

"     I  56 

"     I  87 

•  • •    •  ■ •   z  00 


2  29 

•'       2  40 


On    12\       feet  per  mile  (about         0.25I 
..     25  "      ••     ••     (    *•  0.5 

"  35           "      "     "  (  "            0.7 

"  40  to  50  ••      «•     •*  (  "  a8  to  i.o 

"  80           *•      "     •*  (  "            1.5 

"  125           •  (  "            2.5 

The  writer  has  been  forced  to  the  conclusion  that  these  estimates  were  too 
small  to  be  on  the  safe  side,  and,  despite  the  fact  that  the  steel  rail  and  other 
mechanical  betterments  have  materially  reduced  the  disadvantages  of  rise  and 
fall,  has  increased  its  estimated  cost  as  above. 

466.  It  will  be  clear  from  all  that  has  preceded  in  this  chapter 
that  the  disadvantages  of  rise  and  fall  are  measured  more  truly 
by  the  number  of  breaks  of  grade  than  by  the  actual  amount 
of  it  in  vertical  feet,  except  on  the  worst  class  of  all,  C,  on  which 
both  brakes  and  sand  have  to  be  constantly  used.  Even  on  the 
heaviest  grades  this  is  in  a  measure  true.  Thus,  the  long  i  per 
cent  grade  in  Fig.  %()^  belonging  to  Class  C,  will  be  considerably 
more  objectionable  to  operate  than  a  corresponding  easy  g^rade 
belonging  to  Class  A  or  B  of  rise  and  fall,  as  the  0.5  continuous 
grade  in  Fig.  86;  but  the  breaking  up  of  the  i  per  cent  grade 
at  frequent  intervals  by  stretches  of  lighter  grade,  so  that  the 


^i 
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descent  is  made  half  on  one  grade  and  half  on  the  other,  so  far 
from  decreasing  the  aggregate  cost  of  the  grade  over  the  straight 


Fig.  86. 

1  per  cent,  will  in  fact  make  it  considerably  more  expensive  to 
operate. 

467.  Again,  1000  feet  of  rise  and  fall  concentrated  on  a  single 
grade  is  not  nearly  so  expensive  in  wear  and  tear  as  when  the 
same  amount  of  it  is  scattered  around  in  a  dozen  or  more  shorter 
and  widely  scattered  grades  of  the  same  rate  and  class  (par. 
462).  If  its  class  is  changed  by  such  breaking  up  the  case  is 
diflferent.  Thus,  the  least  objectionable  class,  A,  of  rise  and  fall 
can  only  exist  when  there  is  very  little  at  one  point. 

468.  We  have  seen  (par.  414  et  seq.)  that  long  and  easy  verti- 
cal curves,  properly  used,  very  largely  obviate  the  disadvantages 
of  every  class  of  rise  and  fall,  however  much  broken  up  into 
short  sections;  in  fact,  properly  used,  they  forbid  the  breaking 
it  up  into  over-short  sections. 

It  is  so  extremely  important  that  vertical  curves  should  be 
sufficiently  long  and  should  be  properly  put  in,  that  we  may 
anticipate  here,  from  the  field-book  which  follows  this  volume, 
some  notes  as  to  the  proper  manner  of  putting  in  such  curves: 

469.  We  have  seen  (par.  426^/  seq.)  that  the  length  of  vertical  curves 
should  be  determined,  not  arbitrarily,  regardless  of  the  angle  between 
gradients,  but  by  the  amount  of  change  of  grade  per  station  which  is 
admissible ;  the  safest  rule  being  as  already  given— that  the  difference  in 
the  rate  of  grade  under  the  head  and  rear  of  the  train  shall  not  exceed 
the  grade  of  repose  of  the  last  car. 

A  rate  of  change  per  station  (100  feet)  of  .025  will  most  completely 
25 
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fulfil  this  condition  with  all  kinds  of  trains,  including  those  with  a  great 
deal  of  slack  in  the  couplings,  like  coal  trains ;  but  .05  per  station  will 
obviate  all  the  more  serious  effects,  especially  if  the  speed  be  high  or  the 
train  short,  or  both.  After  the  introduction  of  improved  freight  couplers 
.05  per  station  will  be  ample. 

Both  of  these  rates  give  a  longer  curve  than  is  usual ;  but  more  change 


Fig.  87.  Fig,  88. 

per  station  than  that  last  specified  should  never  be  used  in  sags  (Fig. 
87),  unless  for  high  speed  and  very  short  trains.  On  summit  curves 
(Fig.  88)  shorter  curves  are  admissible ;  but  these  also  should  not  be 
shorter  than  o.i  per  station — if  for  no  other  reason,  because  it  is  neediest 
to  make  them  so. 

470.  The  angle  between  grade-lines,  a.  Figs.  87,  88,  is  considered  to 
be  the  sum  or  difference  in  the  rate  per  cent  of  the  g^des,  or  their 
deflection  from  each  other.     In  Fig.  87,  a  =  1.4;  in  Fig.  88,  a  =  i.o,  etc 

If  we  let  r  =  the  change  of  rate  per  station  which  is  considered  admis- 
sible, =  0.025  ^o  o.io  according  to  circumstances,  then  the  aggregate 
length  of  any  curve  is  at  once  given  by  the  equation 

/=^. 

r 
If  the  angle  between  g^de-lines  be  ix>  per  cent,  this  g^ves  a  vertical 

curve  10,  20.  or  40  stations  long,  according  as  the  assumed  value  of  r  is 

0.1,  0.05,  or  0.025. 

The  condition  that  the  change  in  rate  of  gxade  shall  be  uniform  per 


*'  curve*'  as  drawn  is 


Fig.  89. 

(In  this  cut,  which  is  rather  poorly  executed, 
I*  Sf  3*  4i  5  arc  successive  stations  of  zoo  feet 
from  the  tanf^ent  point  T,  but  the 

supposed  to  consist  merely  of  a  series  of  straight  lines, 
ab^  hc^  cd,  etc.,  tangent  to  the  curve  at  these  stations, 
these  tangents,  as  prolonged  by  the  dotted  lines,  t>eing  supposed 
to  differ  from  each  other  in  rate  of  grade  by  a  constant  changtt 
of  rate,  r.) 

Station  or  other  unit  results  in  the  generation  of  a  curve  such  as  that  out- 
lined in  Fig.  89,  which  is,  mathematically,  a  parabola. 
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471.  It  is  to  be  remembered  that  all  geometrical  diagrams  connected 
with  railway  location  are  greatly  exaggerated  or  distorted,  so  that  the 
succession  of  chords  outlined  in  Fig.  89  are  in  fact  practically  coincident 
with  the  curve.  Fig.  90  gives  to  correct  scale  the  intersection  of  a  4 
per  cent  (211  feet  per  mile)  grade  with  a  level,  which  is  perhaps  twice  as 
large  an  intersection  angle  as  actually  occurs  on  any  located  line  in  the 
United  States,  even  on  the  engineer's  profile,  and  four  or  five  times  as 
much  as  is  usual ;  topographical  reasons  generally  requiring  one  or  more 
intermediate  grades  in  cases  of  such  abrupt  change. 

Fig.  90  will  also  make  it  clear  that  in  the  two  sketches  of  vertical 


Fig.  90. 

carves  shown  in  Figs.  91  and  92  the  tangents,  the  chord  M^  and  the 
curves  themselves  are  sensibly  of  the  same  absolute  length,  independent 
of  the  fact  that,  all  distances  being  measured  horizontally,  they  are  neces- 
sarily equal  as  measured  in  the  field. 

472.  From  the  law  of  the  parabola  it  results  that  in  any  vertical 
curve.  Fig.  91  or  92.  the 
curve  bisects  the  middle 
ordinate  IM  in  c,  and 
from  elementary  geomet- 
rical relations  we  have  for 

the  distance    Ic  =  c,    by  Fig.  91. 

which  the  curve  departs  vertically  from  the  intersection  of  tangents  : 
I      a      la 


2 
a 


8 


or,  as  /=  -(par.  470) 


8r' 


Fig.  9a. 


473.  From  this  formula  we  can  compute  the  following  Table  125,  giv- 
ing the  first  detail  which  it  is  desirable  to  know  in  laying  out  a  vertical 
curve,  viz. :  How  much  vertical  change  it  will  produce  in  the  position  of 
the  grade-line,  which  is  greatest  at  the  middle  of  the  curve  and  thence 
rapidly  diminishes  in  each  direction,  being  only  one  fourth  as  much  at 
the  "quarter-points" of  the  curve  or  at  the  middle  of  each  tangent. 

474.  Having  determined  from  Table  125.  or  otherwise,  what  rate  of 
per  station  will  be  necessary  or  feasible :  To  lav  out  a  vertical  curve, 

HAVING  GIVEN  THE  RATE  OF  THE  TWO   GRADIENTS   AND  THEIR  ANGLE 
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Table  125. 

Vertical  Change  in  the  Position  of  the  Grade-Line  at  Intersectio!! 
OF  Gradients  resulting  from  Vertical  Curves  of  Various  Rates  f 
AND  WITH  Various  Grade-Angles  a. 

(Computed  by  formula  of  par.  472.) 


Vertical 

Distance  of  Curve  from  Intersection  of 

Gradb-Anclb 
a. 

FiCS.  91,  Q2. 

Gradients  =  /<:,  Figs,  qz  and  99,  for  Change  of  Ratk 
OF  Grade  per  Station,  =  r  or — 

0.2 

0.1 

0.05 

0.025 

Feet. 

Feet. 

Feet. 

Feet. 

O.I 

.006 

.01 

.025 

.05 

0.2 

.025 

.05 

.1 

.2 

0.3 

.061 

.11 

.225 

•45 

0.4 

.100 

.2 

.4 

.8 

0.5 

.156 

.31 

.625 

1.25 

0.6 

.225 

•45 

•9 

1.8 

0.7 

.306 

.61 

1.225 

2.45 

0.8 

.400 

.8 

1.6 

3.2 

0.9 

.501 

1. 01 

2.025 

4.05 

I.O 

.625 

1.25 

2.5 

5.0 

I.I 

.756 

1. 51 

3.025 

6.05         1 

1.2 

.900 

1.8 

3.6 

7.2 

1.3 

1.056 

2. II 

4  225 

8.45 

1.4 

1.225 

2.45 

4.9 

9.8 

1.5 

1.406 

2.81 

5.625 

11.25 

1.6 

1.600 

3.2 

6.4 

12.8 

1.7 

1.806 

3-6i 

7-225 

14.45 

1.8 

2.025 

4.05 

8.1 

16.2 

1.9 

2.256 

4.51 

9.025 

18.05 

2.0 

2.500 

5.0 

10. 0 

20.0 

The  vertical  chanj^e  in  the  position  of  the  gjade-line  at  the  "  quarter-points"  of  the 

curve,  or  at  the  middle  of  the  tangents,  is  in  each  case  one  fourth  of  the  above. 

/t  snrade—anp'Ie 

The  whole  length  of  the  curve  (both  tangents)  =  -  =  -r % r— ^ : — . 

r     change  of  grade  per  station 


OF   INTERSECTION   a,  THE  RATE   PER  STATION  r,  AND   THE    STATION  OF 

THE  INTERSECTION  OF  GRADIENTS: 

I.  The   total   length  of  the  curve   in   stations  is  —  (which    let  =  » 

stations),  one  half  of  which  is  the  length  of  each  tangent,  whence  the 
station  of  the  tangent-point  can  be  determined  and  the  elevation  of  the 
grade  at  that  point. 


^  j^.i._. 
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2.  Having  given  the  station  and  elevation  on  either  grade,  and  the 
rate  (which  let  =  J?)  of  the  grade  in  which  it  lies,  write  successively 
R  "  \r,  R^  i^r,  R  —  2^r,  etc.,  adding  or  substracting  r  from  each 
(as  the  case  may  require)  until  n  quantities  have  been  written  down, 
paying  strict  attention  to  the  algebraic  signs,  as  below  specified. 

The  /rth  quantity  thus  determined  will  differ  from  the  rate  R'  of  the 
other  tangent  by  \r,  and  the  addition  of  the  several  quantities  thus  de- 
termined to  the  elevation  of  the  first  tangent-point  will  give  the  elevation 
of  each  station  of  the  curve,  to  and  including  the  other  tangent-point, 
where  the  elevation  will  check  upon  that  independently  fixed  by  the 
tangent  grade-line  for  the  second  tangent,  if  the  work  has  been  correctly 
•done. 

When  the  angle  .between  the  grade-lines  is  upward,  or  on  a  summit, 
the  successive  additions  of  r  are  — ,  or  subtractions ;  when  the  angle  of 
the  grades  is  downward,  the  additions  are  positive. 

Examples. — Curves  to  connect  the  gradients  shown  in  Figs.  93,94,  95i  each 
*with  the  intersections  of  gradients  at  station  100  and  elevation  loa 


(96,8)  ^  ^.    (96.8) 

Fig.  93. 


(100.9) 


Rafe,0,f 

6  Stations 

Fig.  94. 


Fig.  93. 
1.6 


Angle  between  grade-lines 

Rate  of  change  of  grade  per  station . 
Toul  length  of  curve 

Station  of  tangent-points j    ^^ 

{—^  ft 
96.8 


0.2 
8  sta. 


P.  C... 
R  "ir,. 
R  -  l\r. 
R  -  2ir. 

Etc... 


J".  T. 


ADomoNS. 


0.7 

0.5 
0.3 

0.1 

—  O.I 

-0.3 

—  0.5 

—  0.7 


ElbvA' 

TIONS. 

96.8 

97.5 
98.0 

98.3 

98.4 

98.3 
98.0 

97.5 
96.8 


-     Stations. 

96 

97 
98 

99 
100 

lOI 

102 
103 
104 


Addi- 
tions. 


-0.35 
-0.45 

-0.55 

—  0.65 

-0.75 

—  0.85 


Blbvations. 

100.90 
100.55 
100.10 

99-55 
.  98.90 

98.15 
97.30 


Sta- 
tions. 

97 
98 

99 
100 

lOI 

102 
103 


( 
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fOB.o) 

ZOstafions  5        **i? 

Fta.  95. 

Angle  between  grade-lines I.o 

Rate  of  change  of  grade  per  station 0.05 

Total  length  of  curve 20  stations. 

Station  of  tangent-points '}  iio 

Elevation  of  grade  at  tangent-points k  102  o 

Additions.  Elbvations.  Stations. 

P.  C.  108.0  90 

R  —    i^  —  .775  107.225  91 

^  —  lir  —  .725  106.5  9a 

R  —  2\r  —  .675  105.825  93 

R  --  3\r—  .625  105.2  94 

etc.,          -  .575  104.625  95 

—  .525  104.1  96 

—  .475  103.625  97 

—  .425  103.2  98 

—  .375  102.82s  99 

—  .325  102.5  100 

—  .275  I02.22S  lOI 

—  .225  102.0  I02 

—  .175  101.82s  103 

—  .125  IOI.7  104 

—  .075  101.62s  105 

—  .025  I0I.6  106 
-4-  .025                    101.62s  107 

+  .075  IOI.7  108 

4-.  125  101.825  109 

P,   T.  +  .175  102.0  IIO 

This  method  is  practically  much  the  most  convenient  when  the  cur\'e 
begins  and  ends  at  a  full  station,  or  can  be  assumed  to  do  so  by  comput- 
ing grades  for  half  stations  or  otherwise.  In  other  cases  the  following 
may  be  used  : 

475.  By  the  property  of  the  parabola.  Fig.  96,  offsets  to  it  from  its 
tangents  paraljel  to  the  "  diameter,"  O,  vary  as  the  square  of  the  distance 
from  the  tangent-point.     Therefore:  Having  given  ^  and  A^,  Fig.  96^ 

TO    DETERMINE   OFFSETS   TO    THE   CURVE,   0,  o\  (/'  at  distanCCS  «,  «'.  «" 

from  the  P.  C, 
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Letting  A*  =  the  length  of  one  tangent  we  have,  for  any  offset  o  what- 
ever at  a  distance  n  from  the  P,  C, 


O 


«' 


^1  =  -«-.  whence  o  =  O^^ 
rhi38»  if  we  divide  the  tangent  N  into  five  parts  the  first  offset,  0,  will  be 

0  X  — ;.  or"r".  and  the  succeeding  ones  will  be  4,  9,  16  times  the  first. 
By  this  formula  we  may  compute  the  elevation  of  any  two  points  100 


Fia  90. 

Feet  apart  on  any  vertical  curve  (presumably  at  full  stations)  and  deter- 
mine the  rate  of  grade  between  them ;  whence,  knowing  the  change  per 
station  in  rate  of  grade,  all  remaining  stations  are  determined  by  succes- 
sive additions  as  above.  To  avoid  cumulative  error,  the  computation 
should  be  carried  out  to  more  decimals  than  it  is  expected  to  use. 

The  entire  curve  may  likewise  be  computed  by  determining  the  off- 
sets o,  (/,  (/',  which  ordinarily  involves  little  labor. 

The  introdnction  of  close  couplers  is  now  (1890)  rapidly  reducing  the 
leed  for  Texy  long  vertical  curves. 


.M-a^AMi 


li 


ir:  !   ; 


PART  III. 


LIMITING  GRADIENTS  AND  CURVATURE. 


**  The  crime  which  bankrupts  men  and  states  is,  j6b-work;^decllnlngf 
from  your  main  design  to  serve  a  turn  here  and  there.'* 

— R.  W.  Emerson,  Essay  on  **  Wealtk,^ 


PART  III. 

LIMITING  GRADIENTS  AND  CURVATURE. 


CHAPTER  X. 


THE   RELATIVE   IMPORTANCE   OF   GRADIENTS. 

476.  To  summarize  the  conclusions  we  have  reachea  in  the 
preceding  four  chapters  as  to  why  the  minor  details  of  align- 
ment are  properly  so  called,  both  separately  and  collectively: 
Let  us  assume  that  we  have  a  line  over  which  an  estimated 
traffic  of  ID  trains  per  day  each  way  will  pass, — a  very  fair  traffic, 
— and  that  we  have  two  alternate  lines  for  it,  one  of  which  (A) 
is  200  miles  long,  while  the  other  (B)  is  210.  Let  line  A  have 
the  favorable  alignment  of  the  Illinois  Central,  which  (Table  102) 
has  only  8°  of  curvature  per  mile,  and  line  B  the  very  crooked 
alignment  of  the  Lehigh  Valley,  which  has  100°  per  mile,  giving 
1600 "^  in  all  on  line  A  against  21,000°  in  all  on  line  B.  Let  the 
rise  and  fall  on  A  average  only  10  feet  per  mile,  or  2000  feet  in 
all,  instead  of  20  feet  per  mile  on  B,  or  4200  feet  in  all ;  always 
assuming,  however,  that  the  ruling  gradients  and  length  of  trains 
arc  the  same  on  each.  Then  the  entire  value  of  these  very 
marked  and  very  improbably  great  differences  in  minor  details 
will  be  as  follows: 
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BsniCATBo  Cost  Pn  Yul 
DirFBRBNCBS  AGAiKST  Link  B.  PerDmilf       FornDaitr 

Tnia.  Tiaioi. 

10  miles  excess  of  distance,  which  we  will  assume 

will  not  affect  train-wages,  as  that  is  the  more 

probable,  and  which  may  have  a  credit  side  as 

large  as  the  debit,  but  which  we  will  assume  has 

no  credit  side  (see  par.  196  and  Table  89),  .  •  $2,665  ^^  $26,650  00 
ip^oo""  excess  of  curvature  (Table  115),  at  43.3  cts. 

per° 8,400  00     84,00000 

2200  ft.  excess  of  rise  and  fall,  assumed  to  be  all  of 

Class  C  and  sav  \  '°^  ^^  ^"^  ™'"^''  ^^^  *    *    ^^^®  ~      *^'^~  " 

^'  (  1200  ft.  on  ruling  grades. .    •    4,200  00     42.000  00 

(See  par.  463,  and  Table  124.)  

Total  difference  in  yearly  expenses  against  line  B.  (17,935  ^^  $179*350  <» 

Capitalizing  this  sum  at  7  per  cent,  which  is  lower  interest 
than  most  new  lines  ought  to  require  before  increasing  expendi- 
tures, this  represents  a  capital  valuation  of  $2,562,000  or  $12,810 
per  mile,  as  the  difference  due  to  the  most  extreme  di£ferences  in 
all  minor  details  at  once. 

477.  On  the  other  hand,  the  total  operating  expenses  of  line 
A,  at  $1.00  per  train-mile  (on  which  cost  the  above  valuations  are 
based),  would  be  $1,460,000  per  year,  and  we  are  about  to  see 
that  something  like  half  of  that  great  sum — sometimes  more, 
sometimes  less — will  vary  directly  with  the  number  of  trains  re- 
quired  to  transact  its  business.  If  therefore  we  adopt  grades 
which  will  cut  down  trains  to  something  less  than  half  what 
they  might  have  been, — which  is  an  easy  thing  indeed  to  do  by 
probable  errors  of  location, — we  shall  increase  its  operating  ex- 
penses by  something  like  $365,000  per  year  against  only  $179,350 
from  excessive  and  entirely  improbable  differences  in  each  and 
all  of  the  minor  details  of  alignment,  against  the  same  line: 
differences  which  might  lead  to  most  unfavorable  conclusions  of 
what  was  really  the  best  line,  by  one  carelessly  inspecting  it; 
whereas  difference  in  ruling  grade  of  no  grater  comparative 
importance  might  well  attract  little  attention,  since  it  would  in* 
volve  only  a  moderate  difference  in  ruling  gfrade. 

478.  Again,  the  gross  revenue  of  such  a  line  would  probably 
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be  something  like  one  and  a  half  times  its  operating  expenses, 
or  $2,190,000  per  year.  Probable  differences  of  location  will,  in 
almost  every  case,  cause  the  loss  or  gain  of  as  much  as  10  per 
cent  ot  this,  and  in  very  many  instances  may  be  readily  shown 
to  have  had  (probably)  two  or  three  or  five  times  that  effect. 
Ten  per  cent  extra  revenue,  as  we  have  seen  (par.  40),  may  in  a 
rude  way  be  taken  as  almost  so  much  pure  gain,  although  of 
course  there  always  is  a  debit  side  to  even  so  small  a  difference 
of  revenue,  possibly  as  much  as  25  per  cent.  Even  then  a  net 
difference  to  revenue  of  as  much  as  $164,000  per  year  not  only 
may,  but  probably  will,  hang  on  decisions  reached  in  location, 
which  may  be  capitalized  at  7  per  c(nt,  as  equal  to  a  valuation 
of  $2,343,000,  or  nearly  $12,000  per  mile  added  to  or  taken  from 
the  value  of  the  property.  This  moderate  difference  in  revenue 
thus  suffices  to  overbalance  all  the  disadvantages  of  the  assumed 
differences  in  minor  details,  which  go  far  beyond  any  that  ever 
existed,  probably,  in  any  two  alternate  lines  between  the  same 
termini. 

Granting  that  questions  of  revenue  cannot  be  reduced  to  pre- 
cise figures,  and  may  be  beyond  the  engineer's  control  (although 
correct  action  in  respect  to  them  will  largely  depend  upon  him 
and  affect  his  other  work),  the  question  of  what  ruling  gradients 
to  adopt  can  be  reduced  to  tolerably  precise  figures,  and  will 
rest  exclusively  in  his  hands;  and  of  the  questions  which  so  rest, 
we  have  now  seen  the  reasons  why  it  may  almost  be  called  the 
question  before  him,  to  the  exclusion  of  all  others.  It  must 
therefore  be  studied  with  some  care. 

479.  We  have  seen  in  the  opening  to  Chap.  IX.  that  the  ex- 
pense of  gradients  arises  from  two  causes,  which  are  totally  dis- 
tinct and  must  be  kept  so  to  form  any  correct  idea  of  their  cost 
or  proper  adjustment ;  the  one  being  the  direct  or  inherent 
effect  of  all  rise  and  fall  or  curvature  to  increase  wear  and  tear 
and  expenses  per  train-mile  (considered  in  the  preceding  chap- 
ters), and  the  other  the  effect  of  the  heaviest  grade  or  sharpest 
curv^to  limit  the  weight  and  length  of  train,  and  thus  cause  an 
additional  expense  which  does  not  appear  at  all  in  the  expenses 
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per  train-mile,  but  simply  in  the  number  of  trains  required  to 
handle  the  traffic.  The  distinction  between  these  diverse  sources 
of  expense  was  so  fully  drawn  in  Chap.  IX.  that  it  need  not  be  re- 
peated, but  it  should  be  always  borne  in  mind.  For  the  present 
we  assume  the  gradients  to  be  the  limiting  cause,  as  is  nearly 
always  the  case,  although  it  may  be  curvature  or— conceivably— 
any  othercause,  like  the  strength  of  couplings. 

480.  To  be  prepared  to  deal  intelligently  with  questions  of 
gradients  we  must  begin  from  the  foundation  and  consider,  in 
some  detail,  what  we  may  call  the  physiology  as  distinguished 
from  the  anatomy  of  the  locomotive  engine,  especially  as  re- 
spects the  running  gear,  'f  he  general  question  of  limiting  gra- 
dients will  then  divide  itself  naturally  into  the  following  different 
heads  : 

First,  Ruling  gradients  proper,  and  their  effects  on  train- 
loads  and  operating  expenses  (Chaps.  XIV.,  XV.). 

Secondly.  The  use  of  concentrated  or  "  bunched  "  grades  on 
high  rates,  operated  by  assistant  engines  or  "pushers,"  with 
lower  grades  elsewhere,  as  against  uniform  gradients  (Chap. 
XVI.). 

Thirdly.  The  proper  balance  of  grades  from  excess  of  traflSc 
in  one  direction  (Chap.  XVII.). 

Fourthly.  Limiting  curvature,  which  may  intervene  in  ad- 
vance of  gradients  to  limit  the  length  of  trains  (Chaps.  XVIII., 
XIX.). 

Fifthly,  The  choice  of  gradients  and  devices  for  reducing 
them  (Chap.  XX.). 

All  of  these  problems  come  up,  potentially  at  least,  in  the 
location  of  every  line.  Before  attempting  to  solve  them  we  will 
lay  the  necessary  basis  therefor  in  the  three  following  chapters  on 
the  Locomotive  Engine,  Rolling-Stock,  and  Train  Resistance. 
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CHAPTER  XI. 

THE   LOCOMOTIVE   ENGINE.* 

481.  The  locomotive  engine  is,  so  far  as  the  skill  and  foresight  of  the 
ugners  can  make  it,  and  practical  considerations  permit,  a  delicately- 

telanced  machine,  having  these  three  forces  in  equilibrium  for  the  par- 
ticular service  required  of  it : 

I.  The  steam-producing  or  boiler  power:  the  boiler,  fire-box, 
and  attached  parts. 

3.  The  mechanical  or  transmitting  power  :  developed  through 
the  cylinder  and  attached  parts,  and  transmitted  to  the  driving-wheels. 

3.  The  tractive  power  or  adhesion  for  exerting  or  transmitting 
the  energy  produced ;  developed  through  the  frictional  resistance  to 
sliding  of  the  drivers  on  the  rail. 

482.  The  amount  available  of  each  of  these  forces  is : 
Boiler  power. — Limited  by  the  quantity  of  steam  which  can  be  pro- 

<iuced  in  a  boiler  of  admissible  weight  and  size. 

Cylinder  power. — Indefinitely  gnat.  The  cylinder  is  a  mere  trans* 
mitting  machine  for  the  transformation  of  one  form  of  energy  into  an- 
other, and  can  be  adapted  (within  wide  limits)  to  the  transmission  of  any 
amount  of  power  (ft.-lbs.)  in  any  desired  ratio  of  speed  (ft.)  to  force 
(lbs.)  by  mere  variation  of  proportions. 

Tractive  power, — Limited  by  the  total  weight  of  the  machine  and 
the  proportion  thereof  which  can  be  placed  on  the  coupled  driving-wheels. 

483.  Thus  it  is  seen  that  the  limit  to  the  work  which  can  be  done  by 
any  well-designed  engine  lies  either  in  the  boiler  power  or  in  the  adhe- 
sion, and  never  in  the  cylinder,  which  latter  always  has,  or  should  have 

*  The  writer  had  gone  more  fully  into  the  theory  of  the  locomotive  than  was 
absolutely  essential,  and  he  finally  concluded,  more  fully  than  was  wise,  in  the 
belief  that  a  broader  general  knowledge  of  the  locomotive  by  civil  engineers 
would  in  many  ways  conduce  to  good  practice;  but  in  order  to  keep  the  volume 
within  reasonable  size  he  finally  concluded  to  abbreviate  this  chapter  very  ma- 
terially from  his  original  draft.  Much  of  the  data  thus  prepared  was  thought 
CO  be  entirely  new,  and  still  more  of  it  has  not  been  systematically  presented  in 
treatises  on  the  locomotive,  but  it  must  be  given  in  another  form,  if  at  all. 
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(in  any  engine  of  ordinary  type),  power  in  excess  of  either  what  can  be 
transmitted  by  the  adhesion  or  developed  through  the  boiler,  or  both. 
That  the  cylinder  power  should  be  in  excess  of  one  or  the  other  of  the 
other  two,  under  all  ordinary  circumstances,  as  it  is,  is  plain.    The  ulti- 
mate power  of  the  engine  is  fixed  by  the  weakest  one  of  these  three 
forces.    Two  of  them  can  only  be  increased  by  radical  modifications  of 
the  machine,  while  the  other  can  be  made  as  great  as  desired  (within 
wide  limits)  by  trifling  modifications  of  detail,  affecting  cost  and  weight 
but  very  slightly.    Therefore,  it  is  plain,  it  would  be  inexcusable  neglea 
not  to  make  the  link  in  the  chain  whose  strength  we  can  control  strong 
enough  to  certainly  utilize  the  full  strength  of  the  other  two,  which  ve 
cannot  control,  without  a  radical  change  in  the  machine ;  so  that  the 
ultimate  power  of  the  machine  as  a  whole  should  neyer,  at  any  time  or 
under  any  circumstances,  fall  by  mere  n^llgence  in  design  below  the 
limits  fixed  by  natural  causes. 

484t  That  the  comparative  conditions  stated  in  regard  to  the  possi- 
bility of  increasing  these  three  forces  do  in  fact  prevail,  is  evident  from 
the  data  as  to  comparative  weights  of  the  various  parts  of  a  locomotive 
engine  given  in  Table  126:  To  increase  tSs  boiler  POWER  OF  THESE 
ENGINES  10  PER  CENT  (assuming  it  to  be  possible  at  all  without  exceed- 
ing the  admissible  load  per  wheel  or  the  limits  of  ph3rsical  possibility) 
means  an  increase  of  nearly  10  per  cent  in  the  weight  of  the  boiler  and 
at  least  5  per  cent  in  the  weight  of  the  rest  of  the  engine.  As  this  would 
increase  the  available  adhesion  it  would  naturally  lead  to  increasing  the 

Table  126. 

Comparative  Weight  in  Lbs.  of  the  Various  Parts  op  a  Locomotivi 

Engine. 


Light  American 

Consolidation,  Penn, 
Class  I 

Per  cent 


Total 

Weight  in 

Service. 

Lbs. 


60,807 
xoo.o 

9^640 
100. o 


Boiler  and  At- 
tached Parts 
varying  there- 
with. 


Water. 


6,000 
9.9 

9.543 
X0.4 


Meul. 


15.989 
a6.3 

24,262 
a6.5 


Vj 


>linden, 

aiTe-gear, 

and 

Connecting 

Rods. 


10,032 
16.5 

X5.397 
16.8 


RnDaioff 


16.663 
■7.4 

96,119 
•S.5 


Ffmme. 


Si"i 
B.4 

7i5t» 

B.9 


C*b. 

SlDOkGe*iMK, 

LaniDir, 
andlaiscd. 
Trimminii. 


7»«a 
S1.5 

8.819 
9.6 


The  light  American  engine  is  that  given  in  detail  in  TaJUe  IJ3 ;  tbe  Omsolidation  if 
pven  in  deuil  in  Tables  129  and  132.  The  singular  constancy  of  ratio  in  the  weigbts  of 
these  widely  different  locomotives  is  notable. 
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cylinders  correspondingly,  but  even  without  doing  so  we  have  an  increase 
of  about  7  per  cent  in  the  weight  of  the  machine. 

485.  To  INCREASE  THE  CYLINDER  POWER  lO  PER  CENT  we  have  Only 

to  decrease  the  size  of  the  drivers,  effecting  an  actual  decrease  in  the 

weight  of  the  machine.    For,  since  the  cylinder  pressure  (which  let  =  Q, 

whatever  it  be.  acts  with  a  leverage  of  half  the  stroke  (=  s)  against  a  lev- 

Cfage  of  half  the  diameter  of  the  driver  (=  R),  we  have,  for  the  tractive 

force  exerted  by  the  cylinders, 

^     J^      ^  ^      ^^ 
r=-5  and  C  =  — . 

R  s 

To  increase  T  by  any  amount  without  changing  either  the  stroke  (s) 
or  the  diameter  of  the  cylinder  (Q  we  have  only  to  decrease  R.  This, 
however,  is  at  the  expense  of  increasing  the  piston  speed,  because,  as  the 
driver  is  made  smaller,  it  must  turn  so  much  oftener  per  mile. 

486.  To  increase  the  cylinder  power  10  per  cent  without  increasing 
the  piston  speed,  however,  nothing  more  is  required  than  the  addition  of 
from  2  to  8  per  cent  to  the  weight  of  the  cylinders  and  attached  parts 
alone,  the  remainder  of  the  machine  remaining  unaffected  except  in  a 
few  trifling  details.  Whether  the  increase  be  2  or  8  per  cent  depends 
chiefly  on  how  it  is  effected — whether  it  be  by  merely  lengthening  the 
cylinder  or  by  increasing  its  diameter;  but  in  either  case  the  total  addi- 
tion to  the  weight  and  cost  of  the  machine  is  trifling.  Assuming  8  per 
cent  added  to  the  weight  of  the  cylinders,  it  amounts  (see  Table  126)  to 
but  a  little  over  one  per  cent  of  the  whole  weight  of  the  engine. 

487.  Cylinder  power  may  also  be  increased  after  the  machine  is  com- 
pleted by  the  simple,  but  ordinarily  not  permissible  or  wise,  expedient 
of  increasing  the  boiler  pressure.  It  has  also  been  not  unfrequently  de- 
creased in  the  same  way,  so  as  to  be  smaller  than  either  the  boiler  power 
or  traction,  with  unfortunate  results  upon  the  efficiency  of  the  engine. 

488.  To  INCREASE  THE  TRACTIVE   POWER   lO  PER  CENT,    Or   by  any 

other  amount,  we  must  either  increase  the  load  per  drivers  or  the  num- 
ber of  drivers,  or  both.  The  possibility  of  increasing  the  load  per  wheel 
is  strictly  limited  by  that  which  the  permanent  way  and  structure  will 
sustain.  The  load  per  wheel  is  in  practice,  and  for  certain  reasons  may 
properly  be  in  theory,  greatest  with  those  engines  (fast  passenger  engines) 
which  have  and  require  the  least  amount  of  total  tractive  power.  To  in- 
crease the  number  of  drivers  we  must  take  a  new  type  of  engine,  and 
here,  too,  the  range  is  strictly  limited.  A  few  special  engines  excepted, 
the  largest  number  of  drivers  now  in  practical  use  on  a  large  scale  is 
eight  (Consolidation  and  Mastodon  types),  and  the  least,  four  (American 
type),  with  a  few  extra  fast  but  very  heavy  engines  having  only  a  single 
36 


r. 


402  CHAP.   XI. —  THE  LOCOMOTIVE  ENGINE, 


driving-axle.  In  any  case,  to  increase  tractive  power  lo  per  cent  ire 
must  increase  the  load  on  drivers  by  some  40  per  cent,  which  means  in- 
creasing the  total  weight  of  the  machine  by  from  50  to  60  per  cent  ^'e 
have,  therefore,  as  the  addition  to  weight  of  engine : 

To  increase  boiler  power  10  per  cent.    .  .    7  to    8  per  cenL 
To  increase  cylinder  power  10  per  cent.    .     i  to    i^ 
To  increase  tractive  power  10  per  cent.  .  .  50  to  60 


« 
« 


Proving  the  statement  made,  that  cylinder  power  is  a  mere  matter  of  ad- 
justment, readily  capable  of  indefinite  increase,  and  hence  should  alwsys 
be,  as  it  generally  is,  in  excess  of  the  other  two. 

489.  For  the  very  reason  that  the  amount  of  cylinder  power  is  a  mere  detail 
of  mechanical  design,  having  no  natural  limit  in  either  direction,  it  furnishes  a 
convenient  measure  of  relative  capacity  and  power  for  comparing  one  engine  with 
another.  In  other  words,  cylinders  of  the  same  size  can  be  said  with  far  more 
exactness  to  give  engines  of  always  equal  power  than  a  similar  identity  in  aay 
other  one  detail  of  the  locomotive.  A  '*  17  X  24"  engine,  which  is  now  looked 
on  as  the  standard  or  unit  type,  may  be  either  a  fast  passenger  or  a  slow 
freight  engine,  but  it  will  always  be,  roughly  speaking,  of  about  the  same 
weight  and  cost,  and  will  ordinarily  exert  and  be  capable  of  exerting  about  the 
same  amount  of  power  (foot-pounds)  in  the  same  time. 

490.  This  is  therefore  a  very  common  and  often  all-sufScient  description  of 
an  engine,  when  it  is  desired  to  give  a  general  idea  in  a  few  words  of  its  chanc* 
ter;  but  this  should  not  lead  to  the  mistaken  conclusion  (as  it  sometimes  does) 
that  the  cylinder  is  an  important  element  of  design  in  a  locomotive  in  the  sense 
of  being  a  governing  element  by  which  its  power  in  service  is  limited.  On  the 
contrary,  the  logical  order  of  design  (but  not  necessarily  for  that  reason  the 
order  that  a  practised  designer  will  follow)  is — 

First,  to  fix  the  total  admissible  or  desired  weight  of  the  machine. 

Secondly,  (in  a  freight  engine)  the  proportion  of  this  weight  which  cao  be 
utilized  for  adhesion,  or  (in  a  passenger  engine)  the  largest  boiler  power  whidi 
can  be  gotten  without  exceeding  that  weight. 

Thirdly,  to  adapt  the  boiler  power  and  adhesion  to  each  other;  and. 

Fourthly,  to  fix  the  size  of  the  cylinders  to  correspond,  making  sure  to  have 
them  large  enough. 

There  is  a  serious  disadvantage  in  having  cylinders  unnecessarily  large  for 
the  work  to  be  done,  due  to  external  and  internal  radiation,  which  limits  some- 
what the  wide  discretion  specified,  but  not  so  greatly  as  to  affect  the  substance 
of  what  has  been  said. 

• 

491.  The  boiler  power  of  a  locomotive,  like  that  of  any  other  source 
of  energy  or  dynamic  force,  is  ultimately  measurable  va  foot-pounds  per 
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A0ur,  or  other  unit  of  time.  So  far  as  boiler  power  is  concerned,  there- 
fore, a  locomotive  is  capable  of  hauling  any  load  whatever  if  the  speed, 
be  made  low  enough,  or  of  attaining  any  speed  whatever  at  the  expense 
of  the  load  hauled. 

HOKSE-POWERS  or  other  equivalent  units  are  merely  certain  multiples 
of  foot-pounds.  Whatever  the  name  of  the  unit  for  the  measurement  of 
energy,  it  is  always  made  up  of  the  three  elements  of  lifting  a  certain 
wttgAt  through  a  certain  distance  in  a  certain  lime  against  the  natural 
force  of  gravity,  gravity  being  the  only  constant  and  ever-present  force 
with  which  we  are  familiar,  and  hence  a  natural  unit  for  comparison. 

493i  The  tractive  power  is  measurable  only  in  pounds,  being  a  mere 
static  or  dead  force,  serving  for  the  transmission  of  energy,  like  a  belt  or  a 
■haft,  but  not  aSeaing  its  amount.  The  tractive  power  is — with  impor- 
tant limitations  to  be  considered— an  approximately  constant  quantity  at 
all  speeds  and  under  all  circumstances. 

403i  Therefore,  remembering  (1)  that  the  cylinder  power  is  not  an 
element  in  fixing  the  working  power  of  an  ei^ne,  and  (2)  that  speed 
includes  the  two  elements  of  time  and  space,  wbicb,  with  the  third  ele- 


\ 


if^t 


Cotnb,n-iijfhf  t 
to  T»  Mahhii  Of 


Mlltl) 


■  um  BOILM  POWKM  Tl 


ment.  weight  or  force,  make  up  the  three  which  are  necessary  for  the 
exact  description  of  the  amount  of  any  kind  of  power,  we  may  express 
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graphically  the  variations  which  can  be  made  in  the  manner  of  utilizing 
,  or  distributing  the  power  of  an  engine  as  follows  (Fig.  97)  : 

494.  On  a  pair  of  co-ordinate  axes  intersecting  at  O,  Fig.  97.  let  dis- 
tances on  the  vertical  axis  OA  represent  pounds  of  tractive  pxjwer.  and 
distances  on  the  horizontal  axis  OC  represent  the  compound  unit  speed, 
including  the  two  primary  units,  distance  and  time. 

Then  the  capacity  of  any  given  boiler,  which  is  measurable  only  by  a 
product  of  the  three  units,  lbs,  x  //.  x  time,  may  be  represented  on  such 
a  diagram  by  a  rectangle  of  a  given  fixed  area  {OABC,  OA'BC. 
OA"B"C")  which  may  be  proportioned  in  any  ratio  of  height  to 
length  desired,  provided  the  total  area  included  within  it  be  not  exceeded. 
The  number  of  such  possible  rectangles,  as  will  be  apparent  from  the 
figure,  is  infinite. 

As  a  matter  of  mere  mathematical  curiosity,  of  no  immediate  practical 
moment,  it  may  be  noted  that  if  an  hyperbola  be  drawn  passing  through  the 
point  B^  with  the  axes  OA,  OC,  as  asymptotes,  any  point  B*  on  it  will  be  the 
apex  of  a  rectangle  of  always  equal  area. 

495.  Each  one  of  these  rectangles  will  represent  a  possible  locomotive, 
each  different  from  the  other,  which  may  be  designed  to  fit  the  same 
boiler, — with  this  sole  limitation  :  The  tractive  power  in  pounds  of  ordi- 
nar)^  forms  of  locomotives  is  a  limited  quantity,  which  cannot  be  indeii- 
nitely  increased  ;  and  consequently  at  a  certain  point  on  the  diag^m  A 
we  reach  a  vertical  limit,  beyond  which  it  is  not  possible,  by  any  ordinary 
device,  to  increase  the  tractive  power.  It  follows  directly  from  this  fact 
that  we  have  a  certain  minimum  of  speed  OC,  below  which  it  is  not  pos- 
sible to  decrease  the  speed  and  still  utilize  the  full  power  of  the  boiler  by 
increasing  the  load  hauled.  As  might  naturally  be  expected,  this  limita- 
tion is  at  times  very  inconvenient,  when  it  is  desired  to  obtain  the  maii- 
mum  hauling  capacity  regardless  of  speed,  as  in  en|;ines  for  yard  ser\ice 
or  for  working  on  heavy  grades.  It  is,  in  fact,  practically,  the  most 
serious  theoretical  defect  of  the  locomotive.  Various  exceptional  de- 
vices are  employed  to  evade  it  in  part,  the  simplest  and  most  common  of 
which  is  to  carr\^  the  water  supply,  and  sometimes  the  fuel  also,  upon  the 
driving  wheel-base.  A  still  more  radical  remedy  is  mentioned  in  par. 
51 1,  and  yet  another  device  is  the  so-called  traction-increaser,  throw- 
ing a  part  of  the  weight  of  the  tender  on  the  drivers  for  the  time  being  by 
cylinders  attached  to  the  piston,  or  by  various  combinations  of  levers. 
Finallv.  the  device  of  a  rack  between  the  rails,  or  of  a  central  rail  which 
the  driving-wheels  grip  by  spring  power  or  other  pressure,  enables  the 
gravity  of  the  engine  to  be  wholly  dispensed  with  for  furnishing  thctrac- 
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tive  force,  by  substituting  for  it  frictional  adhesion,  and  thus  removes  all 
limit  whatever  to  the  load  that  a  given  boiler  can  move,  provided  the 
speed  be  made  slow  enough. 

496.  When  this  is  done,  all  limits  to  the  diagram  in  Fig.  97  are  like- 
wise removed :  so  that  it  then  becomes  literally  true  that,  so  far  as  boiler- 
power  is  concerned,  there  is  no  limit  whatever  to  either  the  speed  of  a 
locomotive  or  to  the  load  it  can  haul,  provided  one  decreases  as  the 
other  increases;  but  since  the  load  to  be  hauled  can  in  no  case  be  de- 
creased below  the^  weight  of  the  engine  itself,  a  limit  of  possible  speed  is 
floon  reached  as  well  as  of  tractive  force,  and  the  limit  of  expediency  in 
each  direction  is  much  narrower  than  that  of  possibility. 

A  very  interesting  and  instructive  study  of  the  differences  of  designs  in 
locomotives  and  of  the  causes  therefor,  which  the  writer  feels  compelled  to 
omit,  may  be  made  by  constructing  diagrams  similar  to  Fig.  97  for  various 
actual  locomotives;  laying  off  the  load  on  drivers  on  the  vertical  axis  ;  taking 
the  boiler  power  as  proportional  to  the  heating  surface,  and  adding  various  de- 
tails of  grate-area,  etc. 

497.  It  will  be  sufficiently  clear  from  what  has  preceded,  that  in  the 
practical  working  of  engines  a  deficiency  in  any  one  of  the  three  co-ordi- 
nate forces  which  when  combined  make  the  complete  machine  will  be 
shown  in  the  following  ways: 

1.  If  adhesion  or  tractive  power  be  the  smallest  of  the  three,  the  en- 
gine will  slip  her  drivers. 

2.  If  boiler  power  be  the  smallest,  the  boiler  pressure  as  indicated  by 
the  steam-gauge  will  fall,  and  the  engine  will  from  this  fall  of  pressure 
be  unable  to  turn  the  wheels. 

3.  If  cylinder  or  engine  power  be  the  smallest,  the  engine  will  be  stalled 
while  utilizing  to  the  utmost  a  full  pressure  of  steam  and  while  yet  un- 
able to  slip  its  drivers. 

498.  The  last  is  either  an  evidence  that  the  engine  is  out  of  the  ser- 
vice for  which  it  was  designed, — as  for  instance  a  fast  passenger  engine 
hauling  freight  trains, — or  it  is  an  evidence  of  bad  design.  It  is  one  of 
the  most  discreditable  faults  an  engine  can  have,  for  the  reason  that  it 
is  an  entirely  unnecessary  sacrifice  of  a  portion  of  its  capacity  for  work, 
and  it  is,  naturally,  a  fault  of  rare  occurrence.  It  has  occurred  in  in- 
stances on  a  considerable  scale,  however,  as  an  effect  of  cutting  down 
the  permitted  lioiler  pressure  to  120  lbs,  after  copying  the  general  pro- 
portions of  engines  designed  to  carry  130  or  140  lbs.  The  effect  of  such 
action  on  the  pounds  of  tension  which  can  be  exerted  is  the  same,  and 
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as  injurious*  as  if  the  boiler  power  itself  had  been  reduced*  which  latter, 
however,  does  not  at  all  follow  from  the  reduction  of  pressure  <par.  55:;. 

499.  The  indication  of  deficient  hauling  power  first  above  specified, 
slipping  of  drivers,  is  that  which  should  first  occur  in  all  well -designed 
freight  engines ;  for,  since  hauling-power  and  not  speed  is  the  desidcrd- 
tum  in  such  engines,  the  boiler-power,  however  small  (within  limits),  can 
be  made  to  exert  an  indefinitely  great  force  in  pounds  at  the  expense  of 
speed,  by  proper  design  of  the  engine;  which  can  hence  be  so  designed 
that  the  boiler  shall  be  able  to  exert  continuously  a  force  always  in  ex- 
cess of  the  tractive  power  when  at  its  maximum  (as  when  using  band) 
by  a  little  at  least,  in  order  that  the  full  measure  of  the  latter  may  in  all 
cases  be  utilized. 

500.  This  theoretical  principle  is  limited  in  part  by  this  fact:  Convenient 
operation,  requires  that  it  should  not  be  too  easy  to  slip  the  drivers  under  ordi- 
nary  conditions  but  should  require  nearly  a  full  head  of  steam  to  do  so.  or  the 
difficulty  of  throttling  the  pressure  just  right  (par.  527)  will  lead  to  too  frequeot 
slipping.  Hence  it  is  desirable  that  the  cylinder  power  should  be  only  a  little 
in  excess  of  the  adhesion,  and  from  this  it  may  result  that  the  ultimate  maxi- 
mum of  adhesion,  when  using  sand  on  a  dry  rail  with  boiler  pressure  perhaps  a 
little  low,  cannot  be  advantageously  realized.  There  are  also  certain  disad- 
vantages in  an  over-large  cylinder,  from  greater  loss  by  radiation,  condensa* 
lion.  etc..  as  well  as  some  advantages.     See  also  foot  of  page  40S. 

501.  But  it  is  probable  that  all  these  disadvantages  have  been  over-esti- 
mated,  or  the  whole  question  inadequately  considered,  in  designing  many  of 
the  engines  now  running,  a  considerable  minority  of  which  cannot  utilize  the 
fui!  uliimaie  adhesion,  and  are  in  consequence  compelled  to  haul  smaller  loads 
than  ihey  oiherwiNe  mipht  ;  a'lh'iucrh  most  freight  engines  can  slip  their  drivers 
in  ordinary  wnrkint:.  when  staninL:  or  running  very  slowly,  and  do  so  liberally. 
No  weil-dcsiijned  entwine  will  slip  its  drivers  when  running  at  speed,  unless  the 
rails  arc  in  bad  order,  as  the  averajre  cylinder  pressure  is  then  much  lower  than 
in  sMriini:  -par.  5  141.  Ovcr-ireqjent  slipping  of  drivers  is  an  evidence  of 
wan:  of  sk'.I  i)r  care  in  the  en,;incman.  He  can  with  ease  slip  the  drivers  with 
the  '.!i;h:"<:  irain  <Tr  wi:h  no  train  at  all.  and  in  fact  must  use  care  not  to,  unless 
the  cy;::>!t.'rs  are  :oo  small  for  the  engine,  because  only  an  infinite  force  can 
set  -n  :r.'^'.  ■  •'.  tho  lii:hte«t  bodv  instantly. 

502.  The  second  indication  of  deficient  hauling  capacity  above  speci- 
lioii.  vi.'^cLonv'v  of  boiler  power,  is  the  only  one,  in  theory,  by  which  a 
paSscp^vT  c:'...;i:vj  s'::v.-jlJ.  ever  I'a.l ;  since  a  fraction  only  of  its  weight,  if 
on  tu'  virivc'^.  w:H  jve  a  hvialinv:  power  in  pounds  far  in  excess  of  the 
av.v  '.i'-l-  *  ::-*-^uK.:i  w\  iu"  ler  'j<v\er  at  a  hiirh  speed  in  feet  per  minute. 
N.  :■:  r  \  ;  .i-ser:^:T  tr.;l-es  :'::n  f.iil.  in  fact,  for  any  other  cause,  be- 
twv-;:.  sMt:   r.s.     ::  rr.^'J.er.r.e  LCTvUies.  The  necessity  of  starting  heavy  trains 
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€|uickly.  however,  and  of  maintaining  a  high  rate  of  speed  even  on  long, 
heavy  grades,  makes  the  demand  for  adhesion  on  passenger  engines  very 
unequal,  and  at  times  very  great,  so  that  it  is  often  in  practice  the  actual 
limiting  cause  which  it  is  desirable  to  increase.  It  is  not  essential  to  do 
this  permanently.  Any  device  which  increases  the  load  on  the  drivers 
temporarily,  especially  for  stopping  or  starting,  answers  every  purpose, 
mnd  a  better  purpose  in  fact  than  a  permanent  increase.  Such  attach- 
ments are  now  in  use  on  extra-fast  engines  and  to  a  limited  extent  on 
others, and  it  is  probable  that  their  use,  or  that  of  some  equivalent,  might 
be  greatly  extended,  for  both  passenger  and  freight  engines,  without  any 
disadvantage  at  all  comparable  to  the  gain. 

M3.  But  however  well  an  engine  may  have  been  designed  for  the 
average  contingencies  of  ordinary  service,  when  the  engine  is  once  in 
service  there  are  limitations  to  or  variations  in  the  efficiency  of  each  of 
its  three  primary  forces  which  have  an  important  effect  upon  the  load  it 
can  haul,  and  which  we  need  to  consider. 

In  the  following  Tables  127  to  137  are  given  a  variety  of  data  as  to 
the  dimensions,  weight,  cost,  and  life  of  locomotives  which  we  shall  have 
occasion  to  use  or  refer  to,  which  are  here  grouped  together  for  conven- 
ience of  reference. 

Table  127. 

*    Comparative  Dimensions  of  Engines  of  the  American  Type. 


Weight  oodfiverB.. 

Weigfat  on  truck 

Weight,  total  Obc). 


Grmte  rarface 

(Fire-hox 
Hcat'g  turf  ce-<  Tubes... 

(Total... 
Barrel  of  botler.  .... 

Diameter  of  drivers 


Tbmdik: 

'"*'      iTotal 

C^wm>-\t'm  i  Water  (galls.). 
^^■«**^*ylCoalflbs.)... 

WHBBL-aASB : 

Driring • 

Total  engine 

Tender 

Engine  and  tender 


17x34  Cylindsrs. 


Mason. 
1873. 


40.000 
sa.ooo 
63,000 

iq.  ft. 
i6»38 

906 
lot  I 
46" 

66" 


a.a50 


8'o" 
aa'o" 


No. 
Pac. 
1884. 


54»35o 
19.450 
83,800 

sq.  ft. 
16. 
117 

I  13l8 

6a" 


37,900 

a9»438 

57-338 

3,800 

6,105 

8'  6" 
93'  bH" 


45'  M 


// 


Brooks. 

1884. 


48,000 
36,000 
74,000* 

sq.  ft. 

16.45 
103. 

E990. 

1093. 

48" 

67" 


3,640 


8'o" 
33' 7" 


43' 6 


n 


C,  B. 

1884. 


53.600 
37.600 

8i,aoo 

sq.  ft. 
17.6 


Ji: 


I968 
1066. 

49H" 
69" 


34,183 

37.467 

61,650 

3,750 

M.550 

8'  6" 
33'  6«4" 


28x34  Cylindsbs. 


C,  B. 
&Q. 
1884. 


44'  9 


II 
n 


n 


54- 500 
38,300 

83,800 

sq.  ft. 
17.7 

I03. 

I  958. 
X060. 

49H" 

69'^ 

65" 


l65"ft. 


34,183 

37.467 

61.650 

3,750 

»4.550 

8'  6" 
33'  6^" 


14    II 
44'  9" 


// 


Mason. 
1884. 


68.000 

33.000 

xoc,ooo 

sq.  ft. 
18.9 

K1330. 
1375. 
54" 


68 


// 


3,600 


o 
33'  4" 


West  Shore. 


A. 


B. 


64.000, 
32.000 
96,ooo| 

sq.  ft. 

34. 
138. 


63,500 

3a.ooo 

94.500 

sq.  ft. 

>7. 

138 


E1084.    E  1084. 
laia.i       13X3 
55" 
68" 


34.000 
30.000 
64,000 
3.000 
to  000 

8'  6" 

%  P" 
47'  A%" 


*  Weight,  cinpty,  66,000  lbs.,  leaTing  8000  lbs.  for  contents  of  boiler  and  fire-box,  and  two  men. 
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Table  128. 
Comparative  Dimensions  of  Mogul  and  Ten-wheel  Engines. 


Weight  on  drivers 
Weight  on  truck .. 
Weight,  total  (lbs). 


Grate  surface 

(  Fire-box. 
Heating  surface -<  Tubes. . . 

/Total.... 

Barrel  of  boiler 

Diameter  of  drivers 

Tenhf-r  : 

wj^htj}^;;^^::;:-:: 

^^^-      (Total 

CaDacitv)^^^*''^^''"''^-- 
l.apacit>  \Q^^y^  ^ibs)  

Wheel-bask  : 

Driving  

Total  engine 

Tender 

Engine  and  tender 


Moguls. 


Baldwin 
x8  X  34. 

1873. 


66,000 
ix,ooo 

77,000 

sq.  ft. 

16. 

X01 

941 

1051. 

50" 

52" 


3,aoo 


15' 
2a'  8" 


Brooks 

t8  X  34. 

1883. 


7»»5«> 
13.500 
86,000* 

sq.  ft. 

«7- 
X14. 

Z141. 
"55- 

55«" 


a,88o 


15'  6" 
as'  o" 


B.  ftO. 

19x34. 
Z883. 


N.S. 
Wales. 

(Baidvrin) 

18x26 

1884. 


Ten-whebl. 


87,400 


60" 


79<ooo 
17.000 
96,000 

sq.  ft. 
«7 

IzodI' 
1x89. 

MAI' 


Baldwin 
z8  X  36. 

1873- 


4i,aoo 

73.700 

3.600 

10,000 


X5'  o" 
83'  a" 
,  X4'  6" 
46'  aH" 


58,000 

30.000 
78.000 

sq.  ft. 

M-4 
94- 
1014. 

XX08. 
50" 
54" 


Broob 
19K14. 

i8£3. 


a,aoo 


'3 


.-'  «•' 


73.r« 
21,400 

sq.fL 

33.6 

133.4 

14224 

1550.8 

5=" 
55X" 


2,S8o 


T4'0* 

35' 3" 


A^f 


*  Weight,  empty,  78.000  lbs.,  leaving  8000  lbs.  for  contents  of  boiler  and  fire-box. 
t  Weight,  empty,  84,300  lbs.,  leaving  io,aoo  lbs.  for  contents  of  boiler  and  fire-box. 

The  Baltimore  &  Ohio  Mog^ul  carries  140  lbs.  of  boiler  pressure,  affording  a  maximum 
averajje  cylinder  pressure  of  some  119  lbs.  (85  per  cent  of  boiler  pressure).  At  this  rate 
the  cylinder  tractive  force  is  17,184  lbs.,  or  about  \  weight  on  driven.  In  most  Amehcan 
engines  it  is  about  i,  and  in  some  as  low  as  a  jo. 

The  tendency  in  recent  years  has  been  strongly  toward  increase  oi 
wei«.;ht  and  boiler  power  with  the  same-sized  cylinders,  as  Tables  127  to 
130  and  Table  142  bring  out  very  clearly.  Three  concurrent  causes  have 
brought  this  about:  (i)  The  material  increase  in  steam  pressure,  which 
makes  a  smaller  cylinder  do  much  more  work  ;  (2)  the  higher  average 
speed  of  trains,  which  necessitates  larger  boiler  power  to  maintain  it;  and 
(3)  the  fact  that  the  more  perfect  track  has  justified  and  the  lower  rates 
required  loading  engines  up  to  the  last  limit  of  their  tractive  power,  and 
it  was  necessary  to  have  as  much  as  possible  under  all  conditions  of  rail 
and  weather. 
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Table  129. 

COMPARATIVB  DllCSNSIONS  OF  THE  ORIGINAL  AND   PRESENT    STANDARD  CON- 

soLiDATioN  Locomotive  of  the  Pennsylvania  Railroad,  and  ,  of  the 
West  Shore  Standard  Consoudation. 


"Sixc  of  cylioden 

Wdgbt  on  d  riTeri. 

"   truck 

Total  wheel-base 

DriTing* wheel  base 

Diameter  of  dnvers 

Working  pressure 

Boilbk: 
Inside  diam.  smallctt  boiler-ring. . . . 

Tubes  •!  ^^'  ^^^  '^'^  (outside) 

{  Length 

^  Length 
Width 
Depth 

*Grate  surface 

(  Pire4x>x 

Heating  surfaces  Tubes 

(Total 

Smallest  inside  diameter  chimney. . . 
Height  top  of  rails  to  top  of  chimney 

Tender : 

(Empty 

Weight  •{  Load 

(Total 

.r».«.-4,- *  Water 

^^•«*«*y)Coal 

Wbeel-base 

Engine  and  Tkndbk  : 

Total  wheel-base 

Length  over  all. 


Class  I. 
1876. 


// 


90  X  34' 

79,400  lbs. 


xa 


,340  lbs. 
X3'  8" 
135  lbs. 

96" 

4a  to  6x" 
33  89.  ft 

B  1,166 

30" 
X4'  xx" 


aa,77o  lbs. 

33,000  ;; 

55.770 
3,000  galls. 
8,000  lbs. 


it  t» 


15'  4 


// 


5^^" 


Class  R. 

x886. 


30  X   34" 

xoo,6oo  lbs. 

14,035  " 

31'   9" 

X3'  10" 

50" 

X4olbs. 


59" 

X07" 


57  to  59^;' 
ft. 


3X.3  sq 

167  »^ 

E  1,564  " 

i.73» ;; 
18" 

X5'  o 


it 
i. 


// 


33,800  lbs. 
33.000   " 

56,800  " 

3,000  galls. 
8,000  lbs. 

15'  4" 

48'  9" 
58'  sW 


Increase. 


Non*. 
97     p.  c. 
X4.6    " 

3" 
a" 

Nont, 

xa  p.  c. 


X0.5  p.  c 
32.6    " 

XX.5  p.  c. 
ax.8    " 


35.6  p.  c. 
81.5    " 

34» ;; 

''i  a" 
x" 


4.5  p.  c. 

X.8  p.  c. 
Non*, 


ii 

t* 


x'  a" 
a'3« 


/» 


West  Shore. 

X883. 


ao  X  3, 


j> 


88,000  lbs. 
x6,ooo    " 

3X'    7" 

X4'  o" 
X40  fte.  (?) 


33  sq.  ft 

X30 

Ex,340  "   " 
x,46o  "   •* 


X3'6H 


n 


39,000  lbs. 

35,000  ;* 
64,000  ** 

3,000  galls. 

xo.ooo  lbs. 

,5'  8" 


56^8&" 


The  following  are  some  further  details  in  respect  to  the  changes  in  the  latest  Pennsyl- 
Consolidation  from  the  earlier  design  : 

Cylinders. — Unchanged :  diameter  of  piston-rod,  size  of  ports,  travel  and  outside 
laq>  of  valves,  size  of  slide-blocks.  Piston-head,  i  in.  thicker ;  cylinders,  a  in.  farther 
apart  (7  ft.  2  in.) ;  inside  lap,  none  (in  place  of  ^  in.) ;  lead,  ^  for  \  in.;  steam-pipe,  19.6 
for  18  sq.  in.;  each  blast-nozzle,  13.8  for  ix.2  sq.  in. 

JoURNAU — All  increased  materially.  Driving-axles,  from  61  x  7J  to  7  x  8| ;  truck- 
axles,  from  4I  X  7A  to  5  X  8A ;  crank-pin,  from  4^  and  5  to  5  and  6  in.  Coupling-rod 
and  journals  unchanged^  3^  in. 

Boiler. — Unchanged:  material  (steel ;  wrought-iron  tubes),  distance  between  centres 
'Ol  tubes  (3i  in.);  thickness  fire-box  plates  (j  in.  outside ;  /«  in.  inside),  tube-plates  (i  in.). 
Barrel-plates,  k  and  ^  in.  for  |  in.;  butt-joints,  welted  inside,  for  lap.  Water  grate  for 
.ahaking  grate. 

Tender. — Unchanged:  tank,  19  ft.  x  43  in.  high. 

The  West  Shore  Consolidation  was  designed  by  the  late  Howard  Fry,  one  of  the  most 
-arainent  of  American  mechanical  engineers,  and  was  designed  to  include  all  the  latest 
improvements  up  to  its  date. 
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Table  130. 

Comparative  Dimensions  of  Engines  more  Powerful  than  the  Con- 
solidation Type. 


Size  of  cylinders 

Weight  on  drivers  . . 
"  truck  ... 
Total  wheel-base  .. 
Driving  wheel-base. 
Diameter  of  drivers. 
Working  pressure. . 


Mastodon  Tvpb. 
(8  drivers  ;  4  truck-wheels.) 


Central 
Pacific. 


»'/ 


19  X  30' 

106,050  lbs. 

16,050  " 

15'  9/ 
iSSlbfc 


Boiler  : 
Inside  diam.  smallest  boiler-ring. . . 

T.,K—  )  No.  and  size  (outside) 

T"^*lLengih 

I  Length , 

Fire-box  <  Width 

/  Depth , 

Grate  surface 

1  Fire-box 

Heating  surface  -<  Tubes 

( Toul 

Smallest  inside  diameter  chimney. .. 
Height  top  of  rails  to  top  of  chimney 

Tender : 

(  Empty 

Weight-!  Load 

Total 


./' 


Water 


Capacity  ]  ^^^ 
Wheel-base 


Engine  and  Tender 

Total  wheel-base 

Length  over  all 


54 

166.  i\i" 
xa' 

34'^ 

39H  to  sm" 

25.74  sq.  ft. 
182  *•   *' 
I  1,076  "   " 

1,250 

20" 

IS'  6H" 


26,000  lbs. 

37.000   *; 
63,000  " 

3.000  galls. 

12,000  lbs. 

15'  <H" 


64'  o'^ 


Lehigh 
Valley. 


20x26" 
82,432  lbs. 
19,264 


,// 


// 


13     . 
48' 
135  lbs. 


51 


// 


'^'P 


.It 


43H  to  saW" 
32  sq.  ft 

,  »79 
I  995 
1,174  "  " 


II 


11 
(I 


Decapod 

(BaldwiQ). 

(10  driven; 


"  El  Gi-BKR- 

naoor" 
(Cent.  Pac.K 
(10  drivers;   1,  ,n,^u--un.. 
4  tnick-wh'ls)r  "^<=«-^^^« 


21  X  36" 

x2i,6oo  lbs. 

3a.4oo    •* 

28'  11" 

19'  7" 


140  lbs.  (?) 


178 

12'    O 


6%" 


./' 


17 
33,400  lbs. 

30,418  ;; 

S3,8i8    " 

8.575  fifall*. 
8,96olbe. 


46;  9 
55'  4 


" 


50,650  lbs. 


t» 


35.000 
85,650 
3,000  gsills. 
10,000  lbs. 


65'  5" 


22  X  26" 

128,000  lbs. 

16,000  " 

24'  4" 

17'  o" 

45" 


64" 
268.  2" 

10'  x" 
39H" 


80,000  lbs. 
3,500  galls. 


These  four  eng^ines  are  as  yet  the  most  powerful  in  the  world.  A  Fairlie  engine 
weighing:  about  85  gross  tons  and  having  two  six-wheel  driving-trucks,  each  with  17  X  23 
cylinders,  with  a  Bissell  (pony)  truck  at  each  end,  is  running  on  the  Iquique  Railway, 
in  Peru.     Other  heavy  locomotives  are  given  in  Table  137. 

The  Central  Pacific  Mastodon  (the  original  of  the  t3rpe)  has  hauled  20  loaded  care, 
weighing  422  tons,  up  a  long  gjade  of  116  ft.  per  mile.  By  Table  170  it  should  haul  431 
tons.  At  8  miles  per  hour  it  is  reported  to  have  shown  an  average  pressure  of  124  lbs. 
per  square  inch  in  the  cylinders.  "  El  Gubemador,"  cutting  off  at  five-sixths  stroke,  at  a 
speed  of  69^  miles  per  hour,  sliowed  an  average  of  115  lbs.  with  130  lbs.  boiler  pressure, 
or  88  per  cent,  which  is  much  nearer  to  boiler  pressure  than  is  often  possible,  and  de- 
^•elops  the  enormous  tractive  power  of  32,039  lbs.,  or  just  39 lbs.  more  than  one  fourth 
♦ho  weight  on  drivers.  As  this  is  about  the  very  utmost  the  cylinders  can  do,  it  indicates 
that  the  cylinders,  large  as  they  are,  might  with  advantage  be  lareer,  or  the  boiler  pro- 
sure  higher. 
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Table  133. — Continued, 


Sftfcty-ralTC 

SicaiB  i^aages  and  cocks. . . . 
Cylinder  cocks  and  fittings. 

Ia>ector 

Sand-box 

Beil  and  dapper 

••    stand 

Hasd-rail 

RttnoiBg-board 

W Becl-coTcrs 

<JMX>  and  f oot-bonrd    

Pilot    


Weights— Lbs. 


Brass. 


*  *fr*"f  and  sundries. 
Total  Fttxings 


tank  

Fictincs  for  ditto. 
Fi 


Axicsand  collars 

■x% 

and  fittings  for  ditto. 


Total  Tender 


53 

73 
10 

66 

II 

68 

63 
60 

139 

4 


«5 


790 


«9 


Wrought 
Iron. 


36 
36 
57 

81 

144 

9 
10 

44 
lox 

565 

757 
II 

3*9 


a*437 


Cast 
Iron. 


13 

50 
383 


5a 


I30 
446 

77 
68 


t,ix$ 


3*515 
37 

X,124 

1,373 

39 
880 

«.330 
«43 


«»330 


103 

733 

3.95a 

"536 
3a 

«.596 
46 


6.9»7 


Wood,  etc. 


334 


1,083 
3ao 

49 

874 


3,660 


3 
»t3»7 


13 


670 
106 


3,xx8 


Total. 


86 

99 

79 
»37 

% 

130 
X07 

3,098 

1.154 

«43 

«.3»7 


7.00a 


3.5«5 
16s 

4.«73 
3»9$a 
1,373 

5J6 

8£ 

3.596 

a95 


i«.5ii 


Summary. 


Boiler          

90t 

"  883 
790 

XS.383 
4.309 
3.043 
7.568 
a^37 

3*394 
913 

5.97a 

8,373 
x,xx5 

13 

6$o 
3j66o 

•5.989 

5.131 

10,033 

16.663 

7xx» 

BwMmrtv  tnas 

FXtnnCV                                                  ....-TT.rrTtrr. 

Tmal  RiV«c    

«.945 

39.638 

19.766 

3.45* 

54.807 

Trnrirr                   , .    . , 

S3 

».330 

6^9»7 

3.118 

18.518 

Total  Engine  mA  Teadcr . . . . 

3/338 

37.9« 

•6,753 

6.576 

73.335 

To  wbtck  s  to  be 

tioijer. 
Aad  lor  umirms  of 


fortatnl 
And  for  una} 


for  weiglit  of  engine  in  working  ofder,  for  contents  of 

two  Ben  in  cab,  abont 

;  coal 8voooIbs. 

(i6oogaI]s.) 13.50D   " 


Mm.m/ 


r 


4«9o« 

1.366 

0.»70 


6.000 


31.900 


60,807 
40.018 


tfaaa  2Dtbeabo«<eefigfiDe. 
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Table  135. 

Length  of  Service,  Mileage,  and  Life  of  Locomotives  on  Psnnstlvama 
Railroad  (P.  R.  R.  Division)  to  January  i,  1885. 

Passenger  Locomotives, 


Years 

Number  op  Locomotivbs. 

Total  Milbagb  (i  —  xooo  miles). 

Avenge 

IN 

Sbrvicb. 

Total. 

In  Ser- 
vice. 

Coa- 
demned. 

Highest. 

Lowest. 

Average 
per  Loco. 

Miles  per 

Loco,  per 

VeaV 

8 

9 

10 

II 

12 

13 

14 

15 

16 

17 

18 

2 

7 

3 
8 

6 

3 
II 

7 
9 
5 

4 

2 

7 

I 

7 
3 
I 

9 
7 
8 

4 
3 

0 
0 

3 
I 

3 

2 

2 
0 

I 
I 
I 

383 

345 
294 
389 
563 
428 

613 

589 
780 

688 
637 

344 
248 
364 

247 
307 

319 
386 

397 
351 
431 
488 

363 
302 

282 
316 

391 
369 

401 

483 
491 
536 

559 

45,37J 
33.566 
28.165 
28.702 

32.573 
28.340 
28.657 

3«»M4 
30.6S9 

31.519 
31.067 

13 

65 

52 

13 

780 

247 

413 

31.707 

Freight  Locomotives, 


5 

6 

7 

8 

9 

10 

II 

12 

13 

14 

15 

16 

17 

18 

19 

30 

21 

22 

I3i 


33 

33 

0 

33 

23 

0 

10 

10 

0 

13 

13 

0 

27 

24 

3 

15 

II 

4 

12 

7 

5 

43 

29 

14 

44 

32 

12 

36 

15 

31 

26 

14 

12 

21 

12 

9 

16 

8 

8 

17 

12 

5 

2 

0 

2 

4 

I 

3 

3 

I 

3 

4 

0 

4 

349 

245 

104 

197 

220 

279 
389 

314 
317 

416 

454 
440 
426 
561 

532 

485 
430 
400 

519 
464 
431 


561 


130 

147 
193 

340 

S35 

SOI 
303 

ao6 

235 

244 
371 

271 

324 
308 

351 
378 
354 
387 


130 


x6i 
176 
850 
362 

273 
860 

287 

302 

318 

339 
378 
392 

397 
371 
375 
438 
393 
4" 


301 


32.263 

29.391 
35.705 
32.715 
30,349 
25.973 
26.063 

25.172 
24*425 
24.215 
25.204 
24.529 
23.337 
S0.620 

19.758 

21.905 

18.733 
18.684 


22,331 


The  above  locomotives  were  intended  to  give  a  fair  awage  of  mtjiirs  of  all  agca  and 
classes  of  service,  and  cover  about  60  per  cent  of  the  whote  numbar  in  aervloa.  The  h)co* 
motives  having  the  highest  mileage  (780,182  miles,  paaaenger;  561, 139  mika, 
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both  still  nmning^  and  in  good  order.  In  the  original  abstract  the  miles  run  were 
given  to  units,  but  have  been  abbreviated  to  the  nearest  thousand. 

Running  of  engines  first  in  first  out  was  first  introduced  in  1878,  six  years  before  date 
«l  table,  and  abnormally  increases  the  average  mileage  of  the  younger  engines  relatively 
to  the  older.  Allowing  for  this,  there  is  little  evidence  of  diminution  of  yearly  mileage 
with  age. 

Special  Performances.— ^h^Vm  373,  479i348  niiles  in  ten  years ;  $8336.43  for 
repairs,  or  x.74  cents  per  mile  run  ;  351,553  miles  before  being  off  its  wheels  for  general 
repairs.  Engine  374,  504,301  miles  in  ten  years ;  $6534.45  for  repairs,  or  1.39  cents  per 
male  run ;  343,476  miles  before  being  off  its  wheels,  except  once  as  the  result  of  an  acd- 
dent.    Engine  1047,  41,510  miles  in  three  months,  or  461  miles  per  day. 

Highest     Lowest  Average. 

_         _  .        •     79i258        30.0J9        45.9^ 

175  freight  engines,  1883,         .        .        .    58,7x1       3O1OO0       36,584 

About  80  or  90  per  cent  of  the  breakages  of  the  working  parts  of  engines  on  the  Penn- 
lyivania  Railroad  occur  immediately  on  starting  from  a  stop. 

A  paper  before  the  German  Society  of  Mechanical  Engineers  showed  that  out  of  39 
engines  (presumably  a  fair  average) — 

10  of  shortest  life  were  broken  up  after 6.5  years. 

10  of  longest  life  were  broken  up  after 38.5    ** 

15  were  in  use  less  than  ao  years,  and  average  of  all  was ao.3    " 

The  average  mileage  of  German  locomotives  (Table  69)  is  11,870  miles  per  year,  indi* 
eating  a  very  short  locomotive  life  in  miles. 

Table  136. 
Approximate  Life  of  Various  Parts  of  the  Locomotive. 


Average  mileage  of  7a  passsenger  engines,  1883,  . 

freight  e 


•• 


Pakt. 


>••••• 


L^emn0tivt»  *r  «  mhoU^  American. 

Bnglisb  (and  Eu- 
rope generally) — 

**       Fraaes,  wood 


Life  in 
Miles. 


B^iUrts  as  a  whole  (tx  partial  renewals) 
^       Eaglish  (pfob.  an  av.  of  all  pauts) 


U.S. 


t* 


(( 


(( 


(bad  water). 


Fir*'h0x   titei,     iiiumin^us  coal     fuel 
(wood,  two  third*  greater) 

Fi-rt-^x  /////.  amtkraciit  cctd  (iron   or 
copper  fire-box,  about  one  third  only). . 

Fire-hpx    st0tl  {anikraciie   fuel,    50,000 
miles  lets,  passenger) 

Fire'f^x   st4el  (mHikrmeiie    fuel,    50,000! 
Miles  lets,  freight) (M.  M.  Association 


M.  M.,  L.  S.  ft  M.  S.  Ry. 

[  R.  P.  Williams 

L.  S.  &  M.  S.  Reporu.... 
M.  M.  Association 

L.  S.  &  M.  S.  Reports. . . . 

McDonnell,  M.  Inst  C.E. 


M.  M.,  L.  S.  &  M.  S. 
Variotas  sources 


M.  M.,  Ph.  A  Reading. .. 
M.  M.  Association 


33  to  34 

ao 

xo 

7 

•  •  • 

so  to  14 

»5 

•  •  •  • 

tf 

■  •  •  • 

10  + 

8  + 

700,000 

450,000 
to  500,000 

800,000 

350,000 

800,000 

to  1,000,000 

330,000 

to  350,000 

450,000 

300.000 
to  350,000 


x8o,ooo 
xaOfOoo 
300,000 
350,000 
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Bad  water  estimated  to  reduce  these  last  averages  about  100,000  miles,  and  increase  coa 
of  maintenance  $750  per  year,  or  2i  to  3  cents  per  mile  run,  in  extreme  cases.  The  L  5^ 
&  M.  S.  is  an  unfavorable  road  in  this  respect.  Fraoturesof  fire4x)x  sheets,  range  ai 
an  averag^e  of  3  years  (M.  M.  Ass'n  Reports)  over  1000  engines  per  annum,  about  Mr 
sheet  for  10  engines  per  year  on  roads  with  bad  water,  and  thence  down  to  none  witk 
pure  water.  Lowest  mileage  of  fractured  plates,  75,000;  highest,  150,000.  Occurs  oolf 
after  deposit  of  scale.  Nearly  all  fractures  (about  seven  eighths)  are  in  side  sheets,  vertical, 
starting  just  above  fire. 

Washing  out  boilers, — Good  water,  England,  every  three  weeks.  U.  S.  average, 
about  one  month,  but  much  oftener  with  bad  water.  Thickmess  cf  steel,  almost  unive»* 
ally :  tube-sheet,  Vi  to  \"\  sides,  back,  and  crown,  f^"\  barrel,  f. 


fire-boxes  copper.— Q\„  No.  and  L.,  S.  C. 
&  D.  Rys.,  Knglish  (pass,  and  freight).. 

Tubes^  iroMf  various  English  railways 

entirely  new  sets 


«» 


McDonnell 

McDonnell 

loyit.,  L.  S.  ft  M.  S.  Rept. 


Years. 

3t05 

6  U>7 
15 


Mileage  Life, 
j  74.00* 

\  to  x6i.aoo 

to  167,000 

360,000 


Ordinarily  taken  for  entirely  new  sets  at  half  the  life  of  the  engine,  with  one  or  more 
piecings  at  end  in  addition,  and  removal  once  in  z  to  x^  to  at  +  years,  according  to  w-ater, 
for  removing  scale.  On  Boston  &  Albany,  with  very  good  water,  tubes  are  never  re- 
moved nor  boilers  blown  out  except  for  repairs.    Other  lines,  once  in  6  to  8  years.    Brass 

tubes  not  essentially  different ;  require  cleaning  less  frequently. 

Mileage 
Tabes,  ^rau.— Average  of  English  returns,  paMenger,  fair  water  (frei^t  Life, 

about  one  half  only) mojooo 

Maximum  reported  (McDonnell,  average  of  10  years) X  tn  f*!^ 

Axles,  iron  (drivers).— I..  S.  &  M.  S.  and  J.,  M.  ft  I.  (mas.  before  removal)..  300,009 

"         "     (.ra**).-Enghsh {  ^  ^ 

"     truck.— L.  S.  &  M.  S * loo/m 

Bearings  (</riTvrj).— Various  railways,  per  A"  'war <  ^    5^^ 

Highest  report,  D.,  L.  &  W.,  89,000 ;  lowest,  Philadelphia  ft  Reading,  14,000.  • 

Tires,  steel. — 5'  (/'  average  of  U.  S. ;  65,000  per  turning  ;  3  turnings aoojooo 

In  heavy  service,  with  small  drivers,  near  about  half  this,  or 100,000 

(6^6" 196,600 

English  reports  very  nearly  the  same,  viz.  -{.tfjt                                           1  lofiiooo 

(*        I  to  150,000 

Driving-wheel  centres.— L.  S.  ft  M.  S.  Reports tpaopne* 

Cylinders.— Same  as  engine. 

Frame.—"  A  question  of  accident**  (M.  M.  Assoc.). 

Track-wheels.— (About  av.  of  U.  S.,  a8"  to  yaf'  wheels).    M.  M.,  Ph.ft  Rdg.  3«iOoo 

Tender-wheels. — (About  average  of  U.  S.,  33"  wheels). .«.  50^000  + 

Valves. — Common  slide-valve  between  facings  (M.  M.  Assoc). 30^000 

**       —Good  balanced,  several  patterns,  between  facings  (M.M.  Aai*n)....  to  mooo 

Scrap  Value,  old  English  locomotives  (copper  fire-box,  biaas  tnbes),  about 

zo  p.  c.  of  original  cost  of  materials. 

The  locomotives  of  the  Pennsylvania  Railroad  go  into  shop  fgr  general  npaiis  onoi  in 
18  to  90  months. 
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Table  137. 
M18CKLLANSOUS  Extra   Heavy  Locomotives. 

(A  list  published  in  the  National  Car-Build^,) 


ROAO. 


Kind. 


Fast  express. . 


•» 


(« 


M 


Class  K.. 


Tank  locomotiTe. 


Reading 

Penosylrania 

Baldwin  Loc.  W*ks. 
Boeton  &  Alt>anjr. . . 
Pennsylvania 

Frtight  Locomutive, 

Reading Consolidation.  

Twelve  wheels  coupled 

A.,  T.  &  3anta  F^.  Consolidation,  tank 

Central  Pacific ,  Mofpil,  tank 


Wbickt. 


Total. 


96,300  lbs. 
93,700   *' 
85,000   " 
80,000   ** 
$  120,400   " 


109,000 


it 


xoi,ooo 

1 115.000   ** 


On  Drivers. 


•  64,350  lbs. 

•65.300   " 

1 35  to  45.000  lbs. 

t  56,000  lbs. 


88,500  lbs. 
101,000  '* 
X  100,000  ^* 
88,000  '* 


Driv- 
ers. 


68  in. 
78  ** 
78  " 
66  " 
60  '* 

50  " 

46  •• 

48  " 

48  " 


Cylin- 
ders. 


31  X33  in. 

18x34  " 
18x34   " 

18x32  ** 

17x34  '* 

30X24  •• 

20X36  " 

17X24  ** 

16X34  ** 


*  On  four  wheels.       t  On  two  wheels.       %  Bstimated/  $  Reported  weight. 


THE  RUNNING  GEAR. 

504.  The  distinctive  peculiarities  of  the  running  gear  of  American 
locomotives,  as  compared  with  foreign,  are  two :  the  swivelling  truck 
in  front  (in  England  called  "  bogie"),  and  the  equalizing  levers  by 
which  the  load  is  kept  uniformly  distributed  on  the  four  or  more  drivers, 
and  the  effect  of  any  chance  irregularities  in  the  track  reduced  to  a 
minimum.  The  first  was  invented  by  John  B.  Jervis  in  1830,  soon  after 
the  trial  of  the  Rocket  took  place ;  the  second  was  invented  by  Ross  M. 
Winans,  who  also  invented  the  double-truck  railway  car  which  has  be- 
come all  but  universal  in  this  country,  only  a  few  years  later.| 

505.  Both  of  these  inventions,  with  much  else  that  was  novel  and 
meritorious,  had  their  origin  in  the  necessities  of  the  earlier  years  of 
American  railways,  which  required  that  the  locomotives  should  be 
adapted  to  ready  passage  over  sharp  curves  and  imperfectly  surfaced 
track  and  road-bed.     Both  of  them  are  now  gradually  making  their  way 

I  A  crude  form  of  double-truck  car  was  shown  to  have  been  used  in  Quincy, 
Mass.,  before  Winans  invented  it,  so  that  Winans  was  unable  to  support  his 
claim  for  patent;  but  he  reinvented  it  independently,  and  really  deserves  the 
credit  for  conceiving  of  and  introducing  it  as  the  normal  type  of  car.  The 
equalizing  lever  has  been  claimed  as  the  invention  of  Mr.  Thomas  Rogers,  who 
probably  was  an  original  inventor,  but  Winans  seems  to  have  antedated  him. 
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into  England  and  throughout  the  world  ;  and  both  of  them,  beyond 
doubt,  will  eventually  become  universal,  since  they  are  almost  equally 
advantageous  on  good  roads  and  on  poor  roads,  the  only  difference  being 
that  on  poor  track  they  are  absolutely  indispensable,  while  on  good  track 
they  are  not  indispensable,  but  merely  advantageous.  In  great  part,  we 
owe  to  them  two  advantages  which  experience  appears  to  indicate  that 
the  American  locomotive  possesses :  It  can  (at  least  it  unquestionably 
does)  haul  greater  loads  in  proportion  to  weight  on  drivers,  and  it  is  less 
readily  disoi-ganized,  so  that  it  can  run  in  practice  (at  least  it  does)  a 
great  many  more  miles  in  a  day  and  a  year  (see  Tables  68,  69). 

The  extent  of  this  advantage  should  not  be  exaggerated.  It  does  not 
clearly  appear  that  on  first-class  track  (on  which  alone  English  locomo- 
tives can  be  run  at  all  to  any  advantage)  the  cost  of  locomotive  repairs 
per  mile  run  is  noticeably  different  for  either  type,  although  the  cost  per 
ton  hauled  is  enormously  in  favor  of  American  engines.  Nevertheless  it 
still  remains  true,  that  wherever  American  locomotives  have  fairly  corae 
in  competition  with  those  without  their  distinctive  features,  as  tn  Canada. 
Mexico,  South  America,  and  the  Australasian  colonies  (in  nearly  all  of 
which  the  right  of  decision  has  rested  in  English  of&cials),  they  have  in- 
variably obtained  the  preference,  with  exceptions  that  prove  the  rule. 

606.  The  original  type  of  American  locomotive,  still  distinctively- 
known  as  the  "American"  type,  has  two  drivers  coupled,  spaced  8  ft.  to  8 
ft.  6  in.  apart  so  as  to  include  the  fire-box  between  them,  with  a  four-wheel 
truck  in  front.  Until  about  twenty  years  ago  this  type  was  all  but  uni- 
versal in  both  passenger  and  freight  service,  but  the  name  is  now  rapidly 
losing  its  appropriateness.* 

507.  At  the  present  time  there  are  the  following  types  in  common  use 
in  America. 

1.  American  (Table  127),  4  drivers,  4  truck  wheels ;  still  approved 
for  light  service,  but  passing  out  of  use  for  ordinary  freight  and  heav}' 
passenger  service. 

2.  Mogul  (Table  128),  6  drivers,  2  truck  wheels  (pony  truck);  one  of 

*  Complete  illustrations  of  every  detail  of  the  ordinary  form  of  '*  American" 
engine,  with  outline  drawings  of  others,  maybe  found  in  the  **  Catechism  of 
the  Locomotive,"  by  M.  N.  Forney,  and  drawings  and  descriptions  of  many 
examples  of  all  the  types  of  locomotives  here  named  in  **  Recent  Locomotives.** 
both  published  by  the  Railroad  Gazette  of  New  York.  The  catalogues  of  the 
Baldwin  and  the  Rogers  Locomotive  Works  also  contain  views  and  many  of 
the  details  of  all  ordinary  types  of  locomotives,  with  much  other  interesting 
matter.     All  the  above  works  are  valuable  ones  for  the  engineer  to  own. 
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the  earliest  modifications  of  the  "  American"  locomotive  and  largely  used, 
but  in  rather  less  favor  than  formerly. 

3.  Ten- WHEEL  (Table  128),  6  drivers.  4  truck  wheels;  generally  pre- 
ferred to  the  Mogul,  and  at  one  time  bidding  fair  to  become  the  standard 
tjrpe  for  heavy  freight  service,  but  now  hardly  tending  to  multiply,  except 
as  a  substitute  for  the  American  for  heavy  passenger  service. 

4.  Consolidation  (Table  129),  8  drivers,  2  truck  wheels ;  a  compara- 
tively recent  innovation,  invented  by  Alex.  Mitchell,  superintendent  of 
the  Lehigh  Valley  Railroad,  in  1872.  It  has  very  rapidly  won  its  way 
into  public  favor,  and  is  now,  it  is  hardly  too  much  to  say,  the  standard 
American  locomotive  for  heavy  freight  service,  and  is  fast  coming  into  use 
for  all  but  the  lightest  service. 

These  are  the  only  types  which  can  be  said  to  be  in  general  use  for 
road  service,  but  in  addition  there  are  the  following  in  approved  but 

more  limited  use  : 

5.  Mastodon  (Table  130),  eight  drivers,  four  truck  wheels  a  very 

recent  design  introduced  by  Mr.  A.  J.  Stevens,  of  the  Central  Pacific 
Railroad,  in  1881,  and  said  to  be  rendering  most  excellent  service.  Some 
have  been  built  for  the  Lehigh  Valley.  It  has  not  as  yet  (1886)  been  in- 
troduced to  any  extent  on  other  roads,  but  it  is  exceedingly  probable 
that  it  will  be.  While  not  very  largely  increasing  the  load  on  the 
drivers,  which  is  not  feasible,  the  four-wheel  truck  and  greater  load 
thereon  not  only  makes  the  engine  run  better,  but  enables  the  boiler  to 
be  enlarged. 

6.  Forney,  a  type  invented  by  Mr.  M.  N.  Forney  some  twenty  years 
ago,  having  the  tender  and  engine  combined  on  one  frame,  the  tender 
running  in  front  and  its  truck  serving  in  lieu  of  an  engine  truck,  so  that 
the  weight  of  the  engine  itself  is  carried  wholly  on  the  drivers. 

508*  The  advantage  of  the  Forney  type  is  that  it  gives  more  tractive  power 
(adhesion)  for  the  same  size  of  engine,  by  placing  the  entire  weight  of  the  latter 
on  the  drivers.  Its  disadvantage  is  that  the  boiler  of  no  locomotive  engine 
can  generate  steam  enough  to  utilize  its  whole  weight  for  adhesion,  unless  at 
slower  than  ordinary  freight  speeds,  or  in  service  requiring  very  frequent 
stops,  as  will  be  seen  from  par.  551.  For  such  service  only  is  the  engine  well 
adapted,  and  for  such  service  only  has  it  come  into  use.  As  this  service  is 
the  exception,  the  quite  extensive  use  which  the  type  has  recently  been  given 
still  leaves  it  an  exceptional  type.  It  has  been  urged  for  use  in  general  ser- 
vice, but  is  not  well  adapted  for  it  in  the  respect  mentioned. 

509.  Other  types  of  engines  are : 

7.  Double- Ender,  with  two  "pony"  trucks,  one  at   each   end,  or 
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sometimes  with  one  *'  pony"  and  one  four-wheel  truck ;  used  chiefly  for 
short-run  local  service. 

8.  Tank  Engines;  a  type  not  confined  to  any  especial  form  of  ran- 
ning  gear,  but  available  for  any  locomotive,  whenever  it  is  desirable  to 
have  very  great  adhesion  for  short  runs.  As  this  adhesion  can  only  be 
utilized  at  very  slow  speeds,  without  exceeding  the  boiler  power,  there  is 
no  economy  or  advantage  in  placing  a  tank  on  the  engine,  except  as  a 
temporary  resource,  unless  for  very  slow  speeds;  and  hence,  naturally, 
very  small  drivers,  carrying  nearly  the  whole  weight  of  the  engine,  are 
usual  with  tank  engines. 

510.  This  type,  carried  one  step  further,  results  in — 

9.  Fairlie  Engine;  two  boilers  placed  back  to  back  with  a  single 
frame,  and  carrying  on  their  back  the  entire  supply  of  both  fuel  and 
water.     The  two  "  trucks"  on  which  the  whole  is  carried  are  driving- 
wheel  bases,  each  carrying  their  own  cylinders,  which  are  supplied  with 
steam  through  a  swivelling  joint.     It  is  still  less  possible  for  engines  of 
this  type  than  for  tank  engines  to  utilize  their  great  adhesion  without 
exceeding  their  boiler  power,  except  at  the  slowest  speeds.    Consequently 
they  have  only  found  acceptance  for  work  on  very  heavy  grades  where 
great  tractive  power  is  necessary  and  slow  speed  no  objection,  and  for 
such  service  only  are  they  suitable.     The  type  is  the  invention  of  the 
late  Robert  F.  Fairlie,  the  *'  apostle"  of  the  now  moribund  narrow-gauge 
movement,  and  w^as  pushed  by  him  energetically  for  many  years,  but; 
without  success,  except  as  respects   localities  such   as  described  (1 
for  example  the  Mexican  Railway  described  in  Appendix  C),  where  the] 
type  has  done  and  is  doing  good  service,  although  very  costly  to  maintaiOi 

511.  Finally,  in  certain  extreme  cases,  where  still  greater  adhesion  ii 
necessary  and  still  less  speed  desired,  there  is  a  device,  already  referred  to 
(par.  495),  by  which  the  paying  load  is  carried  on  a  platform  slung  be-^ 
tween  two  tank  enp:ines,  and  so  utilized  for  adhesion,  and  when  evea  j 
these  devices  have  not  sufficed  to  give  necessary  adhesion  on  very  heavy  ' 
grades,  reliance  upon  insistant  weight  to  give  necessary  adhesion  ha  ' 
been  abandoned  altogether,  except  as  an  auxiliary  resource,  and  recoune 
had  to  other  devices  noted  in  par.  495. 

51 2i  In  addition  to  the  previous  types  mentioned,  there  are  for  yard  ns- 
only — 

10.  Four-wheel  Switching  Engines. 

11.  Six-wheel  Switching;  Engines. 

Both  of  these  are  made  either  tank  or  with  tender,  usually  the  latter.     Thcy ..: 
are  admirably  adapted  by  their  great  tractive  power  for  yard  work,  whidit 

\ 
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demands  great  power  even  for  short  trains,  in  order  to  get  them  under  way 
easily,  and  they  are  only  used  for  such  service.  Neither  their  boiler  power 
nor  running  gear  is  adequate  for  high  speed,  and  in  fact  engines  with  trucks 
are,  as  a  rule,  preferred  even  for  yard  service. 

513.  In  all  these  various  types  the  load  on  the  drivers  is  equalized  by 
side  levers  connecting  the  springs,  whereas  in  foreign  locomotives  it  is 
not  customary  to  do  more  than  give  a  separate  spring  for  each  wheel. 
The  effect  of  this  equalizing  is  that  in  all  engines  of  the ''  American"  type, 
and  less  perfectly  in  the  other  American  types  of  engines,  the  loco- 
motive is  carried  in  effect  upon  three  points,  the  centre  of  the  truck  and 
the  centre  of  the  equalizing  system  on  each  side  of  the  boiler,  in  three- 
legged-stool  fashion,  which  ensures  perfect  contact  of  wheel  and  rail, 
and  uniform  distribution  of  pressure,  on  all  inequalities  of  track.  For  the 
same  reason  that  a  three-legged  stool  always  stands  solidly  on  any  surface 
however  rough,  while  one  with  four  or  more  legs  will  only  stand  solid 
on  a  plane  surface,  the  total  weight  is  always  evenly  and  fairly  distributed 
between  the  wheels,  however  rough  the  track. 

In  foreign  engines,  on  the  contrary,  which  are  not  equalized,  the  con- 
sequence of  this  or  some  other  and  unexplained  difference  of  detail  or 
of  administration  is  that  there  is  very  great  irregularity  in  the  pressure 
of  the  wheels  on  the  track.  The  exhaustive  experiments  of  the  late 
m  von  Weber  on  maintenance  of  way  showed  the  pressure  on  the 
varying  all  the  way  from  zero  to  twice  the  average  load.  That  the 
iination  of  this  irr^^larity  of  load  by  adding  equalizers  should  have 
in  effect  to  increase  the  tractive  power  seems  reasonable,  and  that 
other  cause  (perhaps  only  greater  effort  to  utilize  to  the  utmost  the 
rer  of  the  locomotive)  has  had  that  effect. 

014.  All  the  diverse  types  of  engines  for  road  service,  both  American 
foreign,  while  differing  in  almost  every  other  detail  of  their  running 
r,  agree  in  this — that  in  every  case  (except  four-  and  six- wheel  switch- 
engines)  there  is  either  a  truck  or  some  substitute  therefor  to  per- 
the  office  of  pilot  for  the  driving-wheel  base.     Experience  has 
idantly  shown  that  such  a  pilot  is  necessary  for  safety  at  high  speeds. 
on  roug^  track,  and  advantageous  at  all  times.    The  different  methods 
accomplishing  this  end,  in  the  order  of  their  introduction,  are  as 

1.  A  fixed  axle,  parallel  with  the  driving-wheel  axle,  but  carrying  a 
Iter  load ;  the  normal  foreign  type. 

2.  The  ordinary  American  four-wheel  truck,  consisting  of  four  wheels 
two  parallel  axles,  the  whole  swivelling  on  a  centre-pin  O,  Fig.  102. 
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3.  The  same  truck  with  a  svri'f^  motion,  the  mechanic^  detaib  d 
which  arc  in  substance  similar  to  Figs.  101,  103,  permitting  the  truck  u 
deviate  somewhat,  laterally,  from  the  axis  of  the  driving-wheel  baM,9i 
Oa,  Fig.  itx), 

4.  TAr  "pony"  or  Bisiell  truck  (so  named  from  its  inventor),  k 
ing  of  only  a  single  pair  of  wheels  on  a  single  axle,  but  with  its  &de 

attached  to  a  radius  bar  (constructed  in 
tice  as  a  double  V-shaped  bar,  as  shocn  bf 
the  solid  lines)  so  that  the  pair  of  wbcdt 
*"'-  swivel  around  a  point  O,  Fig.  98.  6  to  S  ftK 
In  the  rear,  thus  having  the  efiect  to  compd 
the  single  axle  to  always  remain  parallel  with 
the  driving-axles  on  tangents,  while  permittiog 
it  to  assume  a  radial  position  on  curves. 

BIS.  All  these  four  plans  have  approii- 
mately  the  same  object,  to  relieve  the  driviog- 
wheel  flanges  of  the  task  of  guiding  the  dhr- 
Ing-wheel  base  on  curves,  and  to  leave  ibcm 
only  the  simpler  duty  of  holding  them  on  the 
rails  against  the  effect  of  chance  irregularitiei 
J  [1  of  motion.    To  do  this,  if  it  be  effcctuailj 

I      '      |\  done,  it  is  plain  that  a  heavier  duly  must  be 

\  \  thrown  upon  the  flanges  of  the  forward  wheels 

\     '         \  than  properly  appertains  to  the  load  carried  DO 

\  '  them,  and  apparently  these  diverse  plans  will 

''"''  **■  accomplish  the  end  with  very  unequal  degrees 

of  efficiency,  and  cause  very  unequal  derailing  moments  in  the  forwanl 
wheels.  Nevertheless,  each  and  all  of  them  have  been  approved  bf 
experience  as  adequate  for  the  end  in  view,  nor  has  experience  shown  any 
very  great  difference  in  the  coefficient  of  safety  of  each.  By  investigat- 
ing tlieoretically  the  mcchiinics  of  the  locomotive-wheel  base,  we  sball 
see  why  this  should  be  so,  and  at  the  same  time  gain  an  important  insight 
into  the  feasibility  of  using  various  types  and  sixes  of  locomotives  on 
different  alignments.  The  result  of  such  an  analysis,  which  foHows  below. 
is  presented  in  Fig.  107,  page  433. 

91fi,  The  work  (o  be  done  by  the  pilol-wbeels  Is  lo  all  cases  Ibe  mne— W 
prevent  the  front  outer  driving-wheel  Qange  from  grinding  against  the  rail  and 
compel  It  to  stand  anay  from  the  rail,  or  at  least  relieve  Its  presstue.  To  do 
Ibis,  force  or  pressure  must  be  applied  at  some  point  on  the  axil  of  the  dririac- 
nheel  base  sufficient  to  cause  it,  in  effect,*to  contiaaously  rotate;  becsiise  It 
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ipsls  the  wlMel-bAfc  to  change  its  direction  to  follow  the  curve  sooner  than 
it  flMtoralljr  tends  to  do  so. 

The  force  (pressure)  in  pounds  necessary  to  cause  this  rotation  is  the  sarae, 
fast  or  slow  the  motion  of  rotation  takes  place  (the  work  done  in  foot- 
per  second  only  varying),  and  varies  only  with  (i)  the  load  on  drivers, 
(1)  Che  coefictent  of  friction,  which,  for  reasons  we  shall  shortly  see,  we  will 
at  one  third,  and  (3)  the  length  of  the  wheel-base.  The  rotation  may  take 
cither  by  throwing  the  front  axle  inward  or  the  rear  axle  outward,  or 
both;  bot  without  going  into  unnecessary  and  doubtful  details  as  to  which  is 
probable,  which  would  but  little  afifect  the  final  result,  the  resisting  mo- 
lt of  the  driving-wheel  base  to  roution  may  be  estimated  as  follows : 

Two-axle  driving-wheel  base,  of  length  =  /  and  total  load  =  IV\  letting 
r  =:  diagonal  distance  from  centre  of  wheel-base  to  each  wheel: 

Resisting  moment  M  =  Wr  X  coefficient  of  friction  (say  i). 

Three-axle  wheel-base,  of  length  =  /  and  total  load  =  W : 

Resisting  moment  M^{\  Wr-\-\Wr)  X  coefficient  of  friction. 

Four-axle  wheel-base  : 

Resisting  moment  M  =  ifV{r+r')  X  coefficient  of  friction. 
The  values  of  r  and  f'  are  readily  computed  from  the  gauge 
and  the  length  of  wheel-base. 

This  resisting  moment  is  overcome  in  any  form  of  loco- 
fBOtive- wheel-base  by  a  force  applied  at  some  point  O,  Figs. 
98,  ioo»  acting  with  a  leverage,  which  let  =  L,  varying  with  the 
pattern  of  engine;  and  the  amount  of  this  force,  O,  is  readily 
dcCermiocd  by  the  formula 

517.  This  statement  of  the  action  of 
these  forces  is  incomplete  in  this,  that  a 
motion  of  rotation  of  the  driving-wheel 
bate  can  only  be  produced  by  the  action 
of  a  couple,  and  not  by  any  single  force. 
Actually,  therefore,  it  it  essential  that 
oae  or  the  other  wheels  should  serve  as 
a  fulcrum,  to  enable  the  force  O,  Fig.  99, 
by  which  the  truck  causes  the  driving- 
wheel  bate  to  rotate,  to  act ;  but  which 
wheel  it  would  be,  or  whether  it  would 
be  aoy  one  single  wheel  for  more  than 


Fia  too. 


Fig.  99. 
a  few  instants  at  once,  we  cannot  assert  with  certainty,  nor  would  the  action  or 
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amount  of  the  force  0  be  very  greatly  affected  by  any  ponible  differenoi  a 
this  respect. 

In  the  English  type  of  wbeel*base,  three  parallel  axles,  the  two  rear  beii| 
driving  axles,  this  force  0  is  of  necessity  all  supplied  by  the  flange  of  the  oats 
leading-wheel.  In  the  American  t3rpe  of  wheel-base,  Figs.  99, 100,  it  is  of  occci. 
sity  all  supplied  by  the  centre-pin  of  the  truck  ;  but  it  is  to  be  remembeRd,« 
respects  the  wheel-bases  with  more  driving-axles,  like  Fig.  98,  that  it  is  not 
essential  that  the  driving-wheel  flanges  should  be  wholly  relieved  of  all  workis 
guiding  the  wheel-base,  but  only  that  they  should  be  so  greatly  relieved  tint 
such  flange  pressure  as  remains  to  them  shall  not  be  injurious. 

518.  The  lateral  force  at  0^  Figs.  98,  100,  being  given,  the  more  important 
question  remains — the  amount  of  additional  lateral  strain  thrown  by  it  on  the 
leading  wheel  a.  Fig.  99.  In  every  locomotive,  as  they  are  actually  constructed, 
this  wheel  is  in  most  danger  of  mounting  the  outside  rail  on  curves.  The  flange 
pressure  of  this  wheel  may  be  determined  as  follows : 

In  the  American  type,  Figs.  99,  100,  the  action  of  the  forces  on  the  leading 
truck  is  as  follows  : 

As  a  result  of  guiding  the  truck  itself,  considered  as  a  separate  vehicle,  the 
reaction  of  the  rail  against  the  front  outer  flange  a  must  be  enough,  as  we  have 
seen  (par.  302),  to  cause  three  of  the  wheels,  tf,  ^,  r.  Fig.  99,  to  rotate  around 
</as  a  centre;  or,  calling  the  load  on  each  tiruck-wheel  w,  and  the  coefficient  of 
friction  \  (instead  of  \,  as  for  the  driving-wheel  base,  OD  account  of  the  lighter 
load),  we  have  for  the  force  /,  Fig.  99, 

The  wheel  c  normally  stands  away  from  the  rail,  as  shown  in  Figs.  99  and 
20,  and  resists  being  crowded  up  against  the  outside  rail  with  a  force  =/= 
enough  to  slide  the  three  wheels  ^,  r,  d, 

519.  The  force  O  is  equally  divided  between  the  two  aides  ah  and  cd^  Fig. 
99,  so  that  we  have,  in  any  engine  truck  of  an  American  engine : 

Pressure  of  leading  wheel  a.  Fig.  99.  against  outside  rail  =  \  force  0-|- force/. 
Pressure  of  rear  wheel  c  against  outside  rail  =  \  force  O  —  tortitf. 

The  latter  is  true  because  the  force /on  the  rear  axle  is  a  negative  or  resist* 
ing  force.  If  \0  be  greater  than  /,  the  wheel  will  be  crowded  up  against  the 
rail,  but  there  will  always  be  a  force  = /tending  to  caiye  it  to  leave  the  rail,  so 
that  the  net  pressure  against  the  rail  will  be  only  the  difference  between  the 
two  forces. 

520i  When  the  truck  is  a  swing-motion  truck  the  distribution  of  the  forcci 
is  in  no  way  afifected.  A  certain  amount  of  lateral  motion  takes  place  firtt'* 
that  is  all — sufficient  to  bring  about  the  equilibrium  of  forces  sketched  In  Fig. 
loi,  as  one  might  take  out  the  slack  of  a  chain  before  it  comes  to  a  bearing, 
and  then  the  force  O  acts  as  before. 

Right  here  we  touch  upon  the  leading  theoretical,  and  in  fact  practical. 
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•Itfcctioa  to  the  ■winK-itiDtioffl  truck,  although  iti  true  cause  is  not  always  ap- 
pvcdated.  We  baveseen  (par.  si6)ihat  the  force  0  is  aconitanc,  regardles» 
•f  Ae  ndliu  of  ctmacDrB.  Consequently,  whenever  this  force  ii  called  into 
acdoa  at  an,  the  tame  amotint  of  lateral  defleclioo,  Oa.  Figs.  100.  loi,  103,  will 
take  place,  or  tend  to  take  place,  unless  stopped  by  the  driving-nbeel  flange 
1;  in  contact  with  the  rail,  which  it  is  the  object  of  the  truck  to  prevenL 


621i  This  is  tiot  at  all  what  Is  desired,  since  ft  correctly  adapts  the  wheel- 
\taaK  to  motion  on  only  one  curve,  that,  namely,  on  which  the  distance  Oa,  Fig. 
■oa,  =  the  ofliet  to  the  curve  at  0  from  a  tangent  to  the  curve  at  c.  This  must  be 
on  a  comparatively  sharp  curve  if  the  very  object  of  the  swing-motion  (to  enable 
the  locomotive  to  pass  sharp  curves  easily)  is  to  be  attained.  On  easier  curves 
Ibe  amount  of  deviation  which  the  swing-motion  permits  is  as  much  too  great 
m*  that  of  the  fixed  centre-pio  is  too  small.  On  ait  easier  curves  the  nhcel-base 
will  tend  (o  assume  a  position  something  like  Fig.  loa,  which  is  still  less  favor, 
able  than  the  normal  position  of  an  American  engine  wbecl-base,  without  the 
swiog-motiOD,  ouiliaed  in  Fig.  100.  It  is  true  that,  owing  to  the  splay  given  to 
the  links  of  the  swing-motion,  there  is  a  certain  amount  of  resistance  to  any 
lateral  motion,  however  slight;  but  this  is  not  sufficient  to  restrain  the  tendency 
to  assume  the  position  shown  in  Fig.  loi,  and  hence  has  little  remedial  eflect. 
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Wit  For  these  reasons  the  swing-motion,  although  very  largely  used,  ha 
never  shown  the  advantage  over  the  fixed  centre  which  it  prdbably  would  if  ik 

lateral  deviation  were  in  fact  proportioned  to  ndiu 
of  curvature,  as  it  is  often  assumed  to  be.  As  ciij- 
inally  designed  by  Mr.  Biasell  (for  **  ponj"  trucks, 
it  was  not  open  to  this  objection;  two  indiced 
planes  being  used,  in  the  manner  shown  in  principle 
in  Fig.  103,  which  offered  the  same  latenl  resisi- 
ance  however  much  or  little  motion  took  plact 
But  for  practical  reasons  (rapid  deterioratioa  a( 
bearing  surfaces  and  impact  when  bearings  retun 
to  the  centre)  this  form  has  passed  out  of  use.  per- 
haps in  part  for  lack  of  giving  due  weight  to  the 
theoretical  advantages  which  it  undoubtedly  poi- 
sesses. 

523.  The  manner  in  which  the  two-wbeeled 
Bissell  or  *'  pony"  truck  (Figs.  104, 105)  relieresthe 
Fia  IQ3.  driving-wheel  base  of  lateral  strain  is  quite  differ- 

ent, and  much  less  clear.  Apparently  it  ought  not  to  assist  at  all,  except  to 
the  very  slight  extent  (especially  on  easy  curves)  by  which  the  resistance  of  the 
swing-motion  (Fig.  loi),  which  is  directly  over  the  axle,  resists  lateral  motioo; 

for  it  is  free  to  swivel  aroood 
its  bearing  at  O  (Figs.  104  and 
98),  regardless  of  the  remain- 
der of  the  wheel-base.  It  is 
known  to  have  in  fact,  bow 
ever,  a  very  material  effect 
upon  the  motion  of  the  wheel- 
base,  and  theory  very  readily 
**  indicates  to  us  why  this  should 
be. 

The  "pony"  truck  naoh 
rally  tends  to  roll  forward  is 
a  right  line,  parallel  to  itself. 


K^A« 


Fig.  105. 

as  in  Fi(?.  104.  The  rigid  driving-wheel  base  behind,  and  not  its  own  flange  or 
its  coning,  as  we  shall  see.  compels  it  to  move  in  a  curve,  to  do  which  the 
driving-wheel  base  must  exert  a  stress,  O,  Fig.  X04,  in  the  opposite  direction 
to  the  arrow,  of  sufficient  magnitude  to  produce  motion  in  the  direction  oi. 
Fig.  105,  and  thus  slide  one  or  the  other  of  the  wheels  continnoosly  on  the  rail, 
compelling  the  leading  axle  to  move  in  a  curved  path  Instead  of  a  stnight  esc. 
The  resistance  of  the  wheels  to  this  sliding  creates  one  or  the  odwr  (not  bodO 
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of  the  iwo  force*  represented  \>f  (he  longiindinil  vrow*  in  Fig.  104,  and  for 
Iht  fore*  0,  resttliiog  therefrom,  we  hAve 

O  =  (load  on  one  wheel  X  coef.  (riet.)  X  f  %\''  ]'^\ 

B34.  Lett  the  wheeU  shonld  ran  toward  the  ont^e  rail,  and  Irom  coning  or 
otfterwiie  adapt  their  diameteri  to  naturally  travel  in  a  curve,  we  have  this 
farther  precaution: 

To  enable  both  the  pony  truck  and  the  transverse  axit  of  the  driving-wheel 
Imwc  to  BMume  radial  potitions,  the  radius-bar  af 
she  ponjr  tradi  thould,  from  well  known  properties 
of  the  circle,  pivot  at  the  point  0  (Fig.  106),  mid- 
way between  f  and  the  "pony"  axle.  If  shorter  than 
Cfaia,  a*  at  0,  Fig.  106  (as  it  always  li),  the  driving- 
wbecl-liase  will  throw  the  rear  end  of  the  radius- 
bar  over  through  a  certain  distance  (ai.  Fig.  105) 
itoward  the  outside  rail,  and  thus  create  in  it  a 
■eodeacy  to  run  toward  the  Inside  rail  and  away 
-trom  the  outside  rail.  This  tendency  is  increased 
*7  the  fact  that  it  is  the  rear  and  not  the  centre  of 
tb«  driving-wheel  base  which  tends  (par,  994  and 
Tig.  30}  to  assume  a  radial  position,  the  front 
«iilcr  driving-wheel  tending  of  itself  to  crowd 
hard  against  the  outer  rail. 

B35i  These  two  causes  together  ensure  that 
the  poay  axle  shall  always  have  a  continuous  ten- 
^lency  to  run  toward  the  inside  rail  and  away  from 
the  oatside,  and  If  the  radius-bar  be  made  too 
•bort  this  tendency  becomes  so  decided  that  Inju- 
rious wear  results.  Thus,  in  a  Consolidation  en-  pio.  106. 
fine  of  the  Norfolk  &  Western  Railroad  ifae  radius-bar  was  originally  only 
4  ft.  3  in.  long,  and  created  so  strong  a  tendency  10  run  to  the  inside  rail  that  It 
was  lengthened  to  j  ft.  6  in.  long,  with  very  beneficial  results.  Even  then  the 
point  O  was  some  9  ft.  ahead  of  the  centre  of  the  wheel-base,  c.  Fig.  106,  so  that 
il  was  still  much  shorter  than  was  apparently  required  to  enable  the  wheel-base 
to  adapt  itself  most  perfectly  to  the  curve. 

Ho  very  strong  tendency  in  the  pony  axte  to  run  toward  the  inside  rail 
is  necessary,  but  only  just  enough  to  ensure  the  driving-wheel  base  shall  in 
fact  modify  its  natural  path  in  the  wsy  outlined,  by  however  little,  since  if  any 
force  whatever  (D,  Fig.  104)  needs  to  be  applied  to  cause  the  pony  axle  to 
nil  In  the  curve  it  must  necessarily  be  adequate  to  slip  the  wheels  00  the 
rails:  the  straas  necessary  10  slip  them  a  little  la  as  great  as  to  slip  them  a 
(OoddeaL 
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From  this  it  will  be  seen  that  if  i=^^{Tig,  104)  the  lateral' force  at  0  neces- 
sary to  alter  the  path  of  the  leading  wheels  is  just  Aa//  as  great  as  if  these  wot 
a  fixed  axle  at  0,  in  the  English  style  (because  there  is  only  one  wheel  to  slkk 
instead  of  two),  with  the  added  advantage  that  the  pony  axle  is  approximately 
radial  and  guided  by  the  wheel-base  behind,  so  as  to  relieve  the  pony  flanges 
of  strain,  and  thus  add  greatly  to  safety. 

In  addition  to  the  force  O,  Fig.  104,  the  swing-motion  of  the  pony  track  SQp> 
plies  any  desired  amount  of  additional  lateral  force,  directly,  whenever  tbe 
engine  is  running  on  curves  sharp  enough  to  develop  it  fully. 

526t  For  the  forces  acting  on  the  leading  outer  wheel  of  any  locomo- 
tive wheel-base,  then,  if  it  is  in  fact  to  perform  the  ofiice  of  guiding  the 
complete  wheel-base  on  curves,  we  have  these  conditions :  Tiiere  is  a 
vertical  component  equal  to  the  load  on  the  wheel,  and  there  is  a  hori- 
zontal component  equal  to  the  forces  determined  for  all  the  various  types 
in  pars.  516  to  525.  These  forces,  as  computed  for  a  great  variety  of  light 
and  heavy  engines  of  all  types,  have  been  plotted  in  Fig.  107,  which  rep- 
resents graphically  the  comparative  degree  of  safety  of  various  types  of 
locomotives  for  passing  curves;  and  the  surprising  degree  of  unifonnity 
which  they  show  in  a  measure  tends  to  confirm  the  correctness  of  our 
conclusions,  since  experience  has  shown  that  there  is  in  fact  no  marked 
difference  in  safety  between  the  engines  themselves. 

Note  to  Fio.  107. — The  diagram  shows  in  magnitude  and  direction  the  resultant  of 
the  horizontal  and  vertical  forces  acting  on  the  front  outer  truck-wheel  of  locomotire 
wheel-bases  of  all  common  types  on  curves  OF  ANY  RADIUS  (the  same  being,  except  for 
unknown  variations  in  the  coefficient  of  frktion,  UNIFORM  FOR  ALL  RADII). 

The  comparative  safety  may  be  considered  as  varying — 

J^irst.  With  the  DIRECTION  of  the  resultant,  as  being  more  or  less  inclined  to  the 
horizontal ;  those  most  inclined  being  the  safest,  other  things  being  equal,  since  the  re- 
sistance to  the  flange  mounting  the  rails  is  then  gjeatest. 

Secondly,  and  chiefly.  With  the  MAGNITUDE  of  the  resultant,  or  total  pressure  of  the 
wheel  against  the  rail. 

All  American  engines,  embracing  a  great  variety  of  designs  and  weights,  will  be  seen 
to  lie  within  the  small  quadrilateral  marked  out  by  the  points  1,  3,  10,  15.  The  more  com- 
mon English  types  cause  a  far  greater  pressure  against  the  rails,  but  as  a  compensating 
advantage  have  more  nearly  vertical  resultants. 

Details  as  to  all  the  locomotives  shown  may  be  found  either  in  *  *  Recent  LocomotiTcs," 
Forney's  "Catechism  of  the  Locomotive"  (Railroad  Gas^te),  or  Barry's  **  Railway  Ap- 
pliances" (Spon). 

Manner  of  Constructing  the  Diagram. 

The  vertical  ordinates  represent  the  load  in  pounds  on  the  front  outer  wheeL 
The  horizontal  abscissae  represent  the  lateral  stress  in  pounds  acting  on  the  whed, 
which  consists  of  (a),  with  four-wheel  trucks  only,  the  flange  pressure  necessary  to  cause 
rotation  in  the  truck,  and  {fi)  half  the  force  O,  Figs.  99  and  X04,  required  to  be  applied  at 
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the  centre-pin  of  the  truck  (or  all  of  it  in  the  case  of  two-wheel  "  pony"  trucks)  to  prodae 
rotation  of  the  driving-wheel  base. 

The  various  types  of  locomotives  shown  are : 


Mastodon.  (  i — Central  Pacific. 

(4-wheel  truck.)     (  a — Lehigh  Valley. 


Consolidation.  (  3— Baldwin. 

(Pony  truck.)        \  4 — Pennsylv'a  (Class  I). 


Ten-wheel.        (  5 — Baldwin. 
(4-wheel  truck.)     (  6— Pennsylvania. 


MOGUU 

(Pony  truck.) 


i7-E 
(  n — 


Baldwin. 
Heavy  Mogul. 


American. 
(4-wbeel  truck.) 


f  9— Baldwin. 

10— Pennsylvania. 

la — English  fast  passecga 

14 — Pennsylvania  fast  pas- 
senger. 

15 — Old  (light)  fast  pas- 
senger. 

ENGLISH.  )    8-Freight  t>T)e. 

(No truck,  lead- V,_p,   ^      ^V 

•  i\         f  13— Passenger  type. 

mg  axle.)         J 


TRACTIVE   POWER. 

527.  The  friction  between  the  driving-wheels  and  rails  which  prevents 
them  from  slipping  and  enables  them  to  propel  the  train  is  a  static  or 
merely  resisting  friction,  as  distinguished  from  dynamic  friction,  or  that 
in  which  motion  takes  place  between  the  surfaces  in  contact,  with  result- 
ing destruction  of  energy.  Its  cause,  beyond  all  question,  is  an  absolute 
interlocking  of  the  roughnesses  or  projecting  fibres  of  the  surfaces  in 
contact,  as  cogs  might  interlock.  That  this  is  essentially  true  of  all 
friction  between  metallic  surfaces,  under  the  most  favorable  circumstances, 
was  curiously  shown  by  experiments  of  Mr.  Beauchamp  Tower  *  on  the 
most  finely  polished  and  completely  lubricated  journals:  a  mere  change  in 
the  direction  of  revolution  resulted  in  a  noticeable  but  temporary  increase 
in  the  coefficient  of  friction,  for  which  so  careful  and  competent  an  ob- 
server could  ascribe  no  other  cause  than  that  the  fibres  were  stroked  one 
way  by  continuous  revolution,  as  fur  might  be,  and  that  on  motion  being 
reversed  the  fibres  opposed  each  other. 

528.  Our  best  existing  evidence,  by  far,  of  the  general  laws  which 
govern  static  friction  between  rail  and  wheel  is  contained  in  two  papers 
by  Capt.  Douglas  Galton,  giving  the  results  of  experiments  on  brake 
efficiency  conducted  by  him  and  by  Mr.  Geo.  Westinghouse  in  1876. 
These  experiments  are  quite  unique  in  the  completeness  and  accuracy  of 
the  apparatus  used,  and  (what  is  still  more  important)  in  the  thorough- 
ness and  technical  knowledge  with  which  the  records  were  analyzed,  and 
they  positively  contradict  the  assumption  sometimes   made,  that  the 


*  Trans.  Inst.  Mech.  Engrs. ,  1885.     See  Appendix  B. 
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coefficient  of  friction  between  rail  and  wheel  is  greater  at  low  speeds 
""on  account  of  less  time  for  new  surfaces  to  interlock."  '*' 

An  impression  that  the  adhesion  is  less  at  speed  has  been  derived,  in 
tome  instances,  from  dynamometer  records,  which  shows  far  less  tractive 
pull  between  stations  than  in  starting.  This»  however,  results  merely 
from  the  fact  that  the  cylinders  are  not  able  to  exert  their  full  power  at 
wgctd^  and  has  no  real  connection  with  the  adhesion. 

No  error  of  moment  can  arise,  therefore,  from  assuming  that  the 
resistance  of  the  wheels  to  slipping  is  sensibly  constant  at  all  speeds.  It 
is  only  at  slow  speeds  that  the  precise  amount  of  adhesion  becomes 
important.! 

That  the  coefficient  of  adhesion  is  the  same  at  all  train-speeds  has  not  been 
experimentally  proven;  but  however  fast  the  motion  of  the  locomotive,  so  long 
as  the  drivers  do  not  slip,  the  adhesion  is  equally  static;  and  the  only  reason 
why  the  adhesion  should  be  less  at  high  speeds  is  that  the  fibres  are  afforded 
lets  time  to  completely  engage  with  each  other.  That  this  difference  may  have 
some  slight  effect  is  possible,  but  as  the  available  cylinder  power  falls  far  more 
rapidly  with  increase  of  speed,  it  is  a  fact  which  is  not  important,  even  if  true. 

529.  When  slipping  has  once  begun,  however,  the  conditions  are 
very  different.  Chiefly  from  the  Galton-Westinghouse  experiments 
before  referred  to,  which  are  confirmed  from  other  sources  and  by  uni- 
versal experience*  we  may  derive  the  following  conclusions  as  to  the  gen- 
eral laws  which  govern  friction  between  rail  and  wheel ;  all  of  which  cor- 
respond closely  with  the  results  of  modern  investigations  of  other  kinds 
of  friction. 

♦  **Tbe  Pennsylvania  Railroad  Company,"  by  James  Dredge:  Appendix  on 
Brake  Trials.     The  exact  language  of  Capt.  Galton  on  this  point  is: 

'*  The  amount  of  frictional  resistance  which  determines  the  point  at  which 
the  rotation  of  wheels  is  checked  varies,  it  is  true,  in  the  different  experiments. 
The  ratio  which  it  bears  to  the  weight  upon  the  braked  wheels"  varies  from  .  29 
to  .35,  averaging  .25.  "  But  it  [the  variations]clearly  represents  simply  the 
adhesion  between  the  wheel  and  the  rail,  and  varies  only  with  this,  and  not 
with  the  speed. 

"  Thus  at  60  miles  per  hour  the  amount  of  frictional  resistance  which 
checked  the  rotation  of  the  wheels  was  about  2000  lbs,  exhibiting  an  adhesion 
of  about  .191  per  cent;  at  15  miles  per  hour,  2160  lbs.  or  .196  per  cent.  As 
these  two  values  are  so  nearly  equivalent,  it  would  appear  that  the  effort  is 
much  the  same  at  all  speeds." 

t  D.  K.  Clark,  a  usually  careful  authority,  states  (p.  724.  *'  Man.  Mech. 
£agr.")*  '*  As  the  speed  is  increased  the  adhesion  is  reduced,"  as  a  result  of  his 
own  tests  of  locomotives.  The  author  cannot  but  believe,  however,  that  this 
is  an  over-hasty  conclusion  by  that  able  and  usually  trustworthy  writer. 
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1.  The  coefficient  of  static  friction  between  rail  and  wheel  is  not  tea* 
sibly  affected  by  the  velocity  of  motion  (as  above). 

2.  It  is  very  greatly  affected  by  the  insistent  weight,  increasing  rapidlf 
therewith. 

3.  It  is  very  greatly  affected  by  the  condition  of  the  surfaces  as  n* 
spects  moisture  or  other  equivalent  for  a  lubricant,  even  when  the  eye 
can  detect  no  difference,  and  is  very  considerably  affected  by  unknon 
causes,  so  that  it  can  rarely  be  determined  twice  alike. 

4.  It  is  greatest  when  the  rails  are  very  dry  or  (probably  for  the  ro- 
son  that  the  minute  mineral  and  metallic  particles  which  act  as  rollenaie 
washed  away)  very  wet,  moisture  or  frost  having  the  most  injurious  efiea 

5.  The  coefficient  of  dynamic  or  sliding  friction  is  very  greatly  lea 
than  static  friction,  and  very  greatly  affected  by  velocity,  in  invent 
ratio  thereto.  At  the  instant  when  slipping  begins,  the  velocity  of  the 
rubbing  surfaces  being  very  small,  it  is  sensibly  the  same  as  static  frictioo, 
but  as  the  velocity  becomes  greater  it  falls  veiy  rapidly,  until  it  is  bardlj 
one  third  or  one  fourth  as  great  as  the  static  friction. 

Tables  112,  113,  page  290.  show  the  general  results  of  these  tests,  and 
the  evidence  on  which  the  above  conclusions  are  based,  more  deaiij 
than  words. 

From  these  laws  it  necessarily  results  that  when  slipping  of  the 
drivers  once  b^ins  the  resistance  to  further  slipping  (coefficient  of  fric- 
tion) should  almost  instantly  fall,  and  hence  that  the  wheels  should 
almost  instantly  begin  to  "  spin;'*  i.e.,  the  surplus  energy  of  the  driven^ 
no  longer  required  to  turn  the  wheels  against  a  great  resistancei  but 
only  against  a  small  resistance,  must  necessarily  go  somewhere,  and  is 
stored  in  the  wheels  in  the  form  of  velocity,  sometimes  making  tbem 
*'  spin"  so  violently  (when  steam  is  not  shut  off  soon  enough)  as  to  weir 
holes  in  the  rails  one-eighth  to  one-half  inch  deep.  This  spinning  is  not 
an  evidence  of  overloading,  since  (par.  483)  in  any  well-designed  engine 
letting  in  the  full  power  of  the  cylinders  will,  in  any  case  give  a  greater 
tractive  energy  than  the  wheels  can  transmit.  The  proper  course  when 
it  occurs  is  to  shut  off  steam,  let  the  drivers  come  to  rest,  and  start  more 
gradually.  If  engines  are  to  be  loaded  up  to  their  full  capacity,  only  the 
greatest  care  can  prevent  this  phenomenon  occasionally  occurring;  and 
it  does  occur  constantly  in  practice,  in  starting  trains,  although  nrdty 
when  in  motion,  except  when  the  train  is  almost  at  js  stand-atilL 

530.  A  long  list  of  actual  performances  of  locomotives  in  ser- 
vice is  given  in  Table  138,  and  from  this  and  the  further  data 
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below  it  is  clear  that  the  following  average  coefficients  of  adhe- 
sion may  be  assumed  with  sufficient  exactness  as  corresponding 
closely  to  the  results  of  American  practice.  European  practice 
(par.  537  and  Table  139)  shows  much  lower  ratios  of  adhesion  : 

Min.  Goad  on 
driyers  =  1.00). 

!•  Ultimate  limit  of  adhesion  in  practice,  under  con- 
ditions in  all  respects  favorable,  and  with 
loads  per  wheel  exceeding  10,000  lbs.,  .  .  .  0.35  to  0.37 
s.  Working  limit  of  adhesion  when  sand  is  used,  .  (|)  0.33 
5.  Working  limit  of  adhesion  in  ordinary  summer 
weather,  and  maximum  limit  with  loads  of 
less  than  10,000  lbs.  per  wheel, (^)  0.25 

4.  Working  limit  of  adhesion  on  slightly  moist  or 

frosty  rail,  being  the  apparent  average  of  ad- 
hesion which  limits  the  weight  of  trains  in 
winter  (as  to  which  see  par.  632), (^)  0.20 

5.  After  the  wheels  have  once  slipped,  the  co- 

efficient rapidly  falls  (see  Table  112)  to  less 

than (1^)  o.io 

531.  The  first  of  these  limits  was  realized  by  Zerah  Colburn 
as  early  as  1853,  and  with  light  locomotives  (10,000  lbs.  per 
driver),  in  his  still  famous  tests  on  the  Erie  Railway,  and  re- 
peatedly since.  In  a  large  number  of  recorded  instances  trains 
have  been  hauled  in  regular  service  which  demanded  nearly  or 
quite  one  third  adhesion,  but  only  as  exceptional  performances. 
A  long  list  of  notes  as  to  such  trains  might  be  given. 

632.  The  second  limit  (when  sand  is  used)  is  less  fully  deter- 
mined, but  various  dynamometer  records  of  the  effect  of  sand  to 
increase  tractive  power  indicate  that  it  increases  the  working 
limit  of  coefficient  to  about  \  under  all  x:onditions  of  track  or 
weather;  that  is  to  say,  it  makes  the  adhesion  on  a  bad  rail  as 
high  as  on  a  good  one.  On  a  good  rail  it  does  not  appear 
that  the  coefficient  of  adhesion  is  appreciably  increased,  but 
what  is  gained  by  the  sand  is  to  retard  the  tendency  to  slip. 
Direct  evidence  on  the  subject  is  scarce,  and  there  is  no  doubt  a 
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No.  of 
Record. 


X. 
3. 

3 
4 
5 

6. 


9 

lO. 
XI 

13 

»3 


Table 

Performance  of  Ame&kas 
(Including  all  the  Records  of  Perf  onnance  gi^ 

AHERICAS 


Cylin- 
ders. 
Inches. 


13x22 

14  X  22 

15  X  22 

16  X  24 


17x24 
it 


ti 

18x24 


Wbicht  op  Enginb. 
[All  Tons,  3000  lbs.] 

j     En- 
1    g>ne. 

Ten. 
dcr. 

On 
DriTcre 

38.0 

34.0 

'7/5 

29.5 

4* 

^^5 

xp^.o 

310 

35.0 

30.0 

330 

25.0 

21. 5 

it 

t( 

(i 

350 

35.0 

tt 

33.0 

tt 

»i 

(t 

4t 

ti 

*t 

4« 

370 

26.0 

945 
tt 

TractiTC 
Power, 

Adhesion. 
Lb6. 


8,750 

ft* 

9.500 
»* 

xo,ooo 

10.750 


XX.500 

t» 

X3,350 

»4 


Character  of 
Performance. 


I  Gnik. 
Fee: 
Per 

Mik* 


Single  performance 73-1-1 

U.3 


'*  '^engineers  say." 


Regular  (?) 

Single  perf.  *'  with  ease.". . '     y-.a 

Regular  service ,    337.0 

♦* 

43.3 
65.0 

47  T 

703 
40  3 
639-i-J 
id)  J 


«4 


t» 


Second  trip 

R^ular 

"Frequently.'* 

Regular  (?)     

'•  No  difficulty." 

"  Can't  exceed  xo  m.  p.  h.'* 


*  The  additions  to  the  grade  in  this  column  are  an  allowance  for 

Ten-wheel 


14. 

15 
16. 

>7 

18. 

19. 

30. 
31. 

23. 

23- 
24- 

25 

26. 

37. 


16  X  24 

17x24 

•  • 

18  X  24 

.t 
ti 
i» 
ii 

ii 

ti 

ti 

19  X  24 


36. 15 

•  4 

26.0 

ii 

^7i' 

38.0 
tt 

26.0 
tt 

^?t-5 

40.0 
It 

36.0 
ti 

3?i-5 

<» 

ii 

ii 

ii 

ti 

it 

ii 

it 

it 

ii 

it 

tt 

ii 

it 

tt 

ti 

it 

tt 

42.0 

36.0 
tt 

33.0 
tt 

«3.55o 


X4,2So 
t* 

xs,25o 

t» 

t« 
t« 

M 
M 

«t 

t« 

16,000 
tt 


"Have  taken." 

Pass,  exceed  ao  m.  per  hour 
Single  trip 


Maximum  load 

Regular       **     

"  Daily  and  easiiv.". 
it         tt        «» 

Maximum  Load 
»t  »« 


Utualload 

tt      t* 

Have  pulled'." 


tt 


tt 


tt 


48-:-3 
53-^5 
77-3 

130 +  " 

79+3 
tt 

6a  +  4 

31+5 

136 

76 

X26 

7« 

76-1-6 

101  —3 


Mogul 


38. 

29. 
30- 

3»- 
32- 

33- 

34 

35- 

36. 

37- 
38. 

39- 


16x24 


ti 
it 


17x24 


ii 
it 


18  X24 


35-5 

25-5 

30.0 

it 

ii 

ti 

375 

255 

31.5 

tt 

(i 

ii 

39 -o 

26.0 

330 

» t 

it 

tt 

x5,ooo 
t( 
tt 
tt 

«5«7So 
tt 

tt 
tt 

x6,500 
ti 

tt 
tt 


"  BqulvH  work  every  day." 

do.   (gained  speed  in  test) 

Regular  trains. , 

Irregular   **     

"  Have  hauled." 


tt 


t4 


Largest  regular  load. 
Comparative  test 


Equal  serv.  every  day.".. 
Intended  as  dally  duty.   . . 

»«  tt  tt  M 

Momentum  grades,  reg.  ser. 


83 -« 

40-S 
53- 


44± 
tt 

70-1-6 
85  +  10 

53 
60 

70 

53-« 
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LocoHOTiTu  IN  Pkactick. 

ta  the  CUatogneof  Baldwin  LocoaioUn  World.) 


Tmih-Ldad. 

■E^ 

■£: 

Per 

Too. 

AcTual. 

Accord 

No.  1      Kind  o(      iTai.  I'd 
C.T..  1        L«d.        iiacens 

Tout 

Cmu 

«- 

J 

• 

J:::::: 
^ 

ii!. 

•«.e 

4> 

J7« 

S 

St 

J 

■^1 

I'll 

Macon  (G»)  ft  B. 

All.  £  Charloiw. 
Kaniu  Pacific. 
Ma.,  K.  A  Tex. 
LanR  Uland. 
Alt.  T.  «  S.  Fd. 
CuDb.  A  PcDtuu 

M  oowl  below  thU  ubie.  Ml  M 

at|»a*. 

Eroinbs. 

^^ 

%•. 

_ 

Del.,  L.  A  Wo. 

a 

Si. 

34 

BS;,-:!-., 

s-s.. 

Wili- 

*».;'' 

i8 

•itooi 

I,V 

% 

6l 

;s 

\i 

Bmpltet. 

Ig^.j 

B.,  N.  y.  A  PblU. 

s'::;:- 

SiS 

M 

WJ 

g 

M-rf 

•♦ 

M-n 

"74 

° 

o 

" 

3 : 

Ss 

« 

Aa^:::::. 

J^ 

-S 

'Is 

St.  L.  ASM  Frio. 

•T 

" 

«* 

JT° 

Siet 


toaded!!! 


(.„) 


4.«t 


T.  H.  A  Ind-olla. 


B.  T.,  Va.  A  Qa. 

E.  KcniuckT. 

F.  A  Ptre  Marq. 

K.*Tet 

C.  A  Talc  (ChUIk 
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Table  138.- 

COSISOUDATUXI 


No.  of 
Record, 


40... 

41... 
4a  •• 

43-. . 
44... 

45-- 
46... 
47... 
48... 
49... 
50... 
51- •• 
5a  .. 

53- •• 
54 

55  •• 
56... 

57... 
58... 
59... 
60... 
6x... 
6a... 
63... 
64... 
65... 


Cvlin- 

ders. 

Inches. 


30x24 

4« 
t» 
<4 
t» 
if 
tt 
k\ 
tl 
It 
It 
It 
II 
II 
It 
II 
II 
It 
II 
II 
14 
II 

axx34 

tt 

II 
II 


Wbight  op  Bngimb. 
Tont,  aooo  Ibt. 

1    En- 
j    K«ne. 

Ten- 
der. 

On 
Driven 

45.8 

96. a 

39-7 

SZ.o 
tt 

•6.0 

^1-^ 

II 

41 

II 

Ik 

II 

44 

II 

14 

II 

44 

II 

M 

II 

11 

It 

44 

Ik 

41 

tt 

II 

It 

44 

It 

41 

It 

4> 

II 

14 

II 

14 

tt 

44 

It 

41 

II 

14 

41 

41 

60.0 
44 

0.0 

50.0 
41 

14 

44 

14 

44 

Tractive 
Power, 

Adhetion. 
Ltw. 


ag,ooo 

14 
•4 
4* 
44 
44 
44 
44 
44 
44 
44 
44 
44 
•4 
44 
44 


44 
44 

44 
44 


Character  of 
Performance. 


Regular  ■errke. 


•  4 


•  4 
44 


■I 


do.  (fair  average  work.) . . 

44  ll    ^  k4 

Regular  load 

Occasional  load 

TrUl  trip 

Daily  service 

Udng  sand 

Regular  lervice  (?) 

Maximum  load 

Usual  **     

Maximum   **    , 

Usual  "    

Maximum   **    , 

Usual  "    

Average  of  5  jrears 

Daily  service 

4'  41 


U 


44 


41 
44 


44 


44  44 

Maximum.. 


(jnde. 
Feet 
Ptr 

Mtk. 


o-t-6 

U5-*-n 

116  i-n 
64 -jJ 
96+10 

45-3 

tl 

»3 
»6 


96  +  10 

96 

»30 
6S.6 

67.6 

53-4 
105.6 
184. 1 
316.I 


The  caboose  is  included  in  the  gross  loads  giv^  when  used  on  tndn,  although  not  in- 
cluded in  list  of  cars. 

The  assumed  ratio  of  adhesion  used  in  this  volume  (as  also  by  the  Baldwin  Locomo 
tive  Works)  is  >4.  The  percentag^e  by  which  the  caTmlated  k)ad  taken  from  Table  170 
exceeds  or  falls  below  the  computed  load  may  be  estimated  by  the  following : 

An  assumed  adhesion  of  }  would  increase  the  calculated  load  33I  per  cenL 

\     **      decrease    ••  «•  •»    ao 


II 


It 


4t 


It 


44 


It 


The  principal  cause  0/  the  fluctuations  between  the  actual  and  computed  loads,  bov- 
ever,  lies  in  the  fact  that  the  rcp>orted  gradients  are  not  the  actual  de-factQ  gradients  for 
operating  purposes,  but  are  increased  in  effect,  in  some  instances,  by  uncompensated  carrS' 
ture  or  stopping-(>oints  on  the  maximum  grade,  and  diminished  in  others  by  the  Me  of 
momentum  to  assist  in  surmounting:  them.  No.  8  (Kansas  Pacific)  and  No.  9  (M.,  K.  &T0 
are  conspicuous  instances  of  the  latter,  the  loads  reported  as  hauled  being  beyond  all 
probability  for  de-facto  ^ades  of  the  given  rate.  Nos.  a,  4,  10,  11,  14,  and  ayareprob* 
ably  less  conspicuous  instances  of  the  same  use  of  momentum  to  practicaiiy  reducegnda 
below  the  profile  rate.  In  Nos.  27,  39,  61  this  was  expressly  stated  to  be  the  case,  and 
(the  length  of  the  grade  being  given)  the  corresponding  de^acto  grade  per  mik  was  oon- 
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Engines. 


Train-Load. 

No.  of 

"hi." 

Actual. 

^ng^w 

N           IR    <t 

S.fS.' 

I'n^eDg 

Tona. 

s. 

|-:::: 

la"!!!' 

".!.::. 
ii:;:::: 
S::::: 

1- 

1 

,8  .5 
44. 3« 

f 

^Loaded..  J 

Empiie.;:!;:: 

Li^diV-Wh.!. 

Empty  4-Wh.! 
Load.4-«h.:! 

Load!  ....!!! 

sr 

"fit 
309 

%\ 

39=,  8 
T76 

.So, 
«6 

3 

301 

394 

a 
1 

1 

3>o 
I9S 

-sB 

--i 

-fit 

-38 

-„S 

-a 

1 

"J* 

a.rf 
30.  i» 

Ph.  &  Erie. 
Dob.  Pedro  IL 
Tyrone  Br„Peno. 

Central  N.  I. 
Leh.«h  V«l(^. 

Chic. .  Burl.  A  Q. 
Aic.,  T,  i  S.  F4. 

le  reduction  being  indicated  by  a  — sit;ii  in  the  columi 


On  the  01  her  h: 


Table  1 


I  calls 


nces  in  which  the  reported  perfon 
'd  by  hi^h  speed  or  by  unctimpc 
i«re  the  character  of  the  trains  (cl 


is  less  ihan 


5ated  CI 


!r  Consolidation! 
cars)  had  no  doubt  equal  or  ; 

Carvstare   was  assiimod   to  add   only  1  ft.  per  mile  (0.3S  lb.)  per 
«legree  of  curvature  up  to  10°  curves,  and  2  ft.  per  mile  per  degree  for  sharper  curves,  when 

Ihe  sign  4-  in  the  column  of  grades.     A  very  low  rate  was  assumed  iu  order  that  the 
comparison  of  actual  and  theoretical  loads  might  be  more  certainly  trustworthy. 

From  the  above  Uible  we  may  conclude  Ihal  if  ihe  given  grade  be  thi 
^e-facto  grade  for  operating  purposes,  wilh  all  ejects  0/  curvature  and  velocity  film- 
mated,  an  assumed  ADHEStOM  OF  O.VE  rOLRTii  the  weight  on  drivers  and  a  rolling 
Jrictlon  an  tangrnt.  at  15  miles  per  hour,  0/8  16s.  per  ton  (the  k 
more  than  am  fie)  u-ill  give  very  approximately  TYiE  i 

A  lonR  list  of  further  records  o[  performance  Ihe  wri 
Dumber  of  them  show  more  than  ^  adhEsion  realize 
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certain  deduction  to  be  made  from  the  apparent  gain  because  d 
the  increased  tractive  train  resistance  caused  by  the  sand  on  the 
rails. 

933.  The  third,  and  most  important  limit,  that  of  ordinary 
working,  is  warranted  by  the  all  but  universal  evidence  of  mod- 
ern experience,  as  sufficiently  proved  by  Table  138,  which  gives  a 
long  record  of  actual  performances  with  locomotives,  taken  chiefly 
from  the  very  abundant  data  given  in  the  catalogue  of  the  Bald- 
win Locomotive  Works,  and  including  all  the  records  therein. 
The  ratio  of  \  is  used  by  them  as  the  basis  for  computing  the 
table  of  capacity  on  various  grades  given  in  their  catalogue,  and 
thus  in  a  measure  guaranteed  by  them,  and  the  high  character 
and  great  experience  of  that  firm  entitles  this  fact  to  far  more 
than  the  usual  weight  which  would  be  accorded  to  manufac- 
turers' evidence. 

934.  Many  causes  combine  to  make  the  apparent  indications 
of  practice  very  variable.  One  of  the  most  important  is  that 
the  nominal  ruling  gradient  is  not  the  real  or  "virtual"  one, 
being  in  some  cases  higher  than  the  virtual  grade,  because  the 
ruling  grades  are  short  and  surmounted  in  part  by  momentum ; 
and  in  others  (and  far  more  commonly)  lower  than  the  virtual 
grade,  because  of  the  necessity  of  stops  on  unreduced  gradients, 
or  of  unreduced  curvature  on  the  ruling  grade,  thus  materially 
increasing  the  nominal  maximum :  so  that  if  we  assume  the  grades 
of  the  profile  to  be  the  virtual  grades,  the  trains  hauled  will  ap- 
pear to  be  only  such  as  are  due  to  \  adhesion,  or  even  less. 

On  very  low  gradients  this  is  especially  true;  and,  moreover, 
another  cause  comes  in — the  difficulty  of  starting,  making  up, 
and  handling  very  long  trains.  From  this  it  results  that  we 
very  rarely  indeed  hear  of  trains  being  hauled  on  very  easy 
grades  such  as  are  beyond  all  question  within  the  power  of  the 
locomotive  under  conditions  which  are  as  fair  actually  as  they 
are  nominally.  But  when  these  errors  are  eliminated  it  will  be 
found  that  in  all  cases,  in  good  American  practice,  the  actual 
ratio  of  adhesion  is  J,  whenever  it  is  attempted  to  load  the 
engines  to  their  full  capacity. 
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039.  T^e  fifth  ratio  of  adhesion,  \y  apparently  applies  to 
winter  loads,  and  will  actually  give,  in  most  cases,  the  loads 
which  are  hauled  in  practice  in  winter.  It  is  usually  assumed 
that  this  difference  is  due  to  the  fact  that  the  ratio  of  adhesion 
is  less  in  winter  than  in  summer,  but  it  appears  probable  that  in 
reality,  as  we  shall  see  (par.  632),  it  is  due  to  an  increase  in  the 
rolling  friction,  both  because  of  greater  axle  friction  and  because 
of  the  poorer  condition  of  the  track. 

536.  In  the  former  edition  of  this  treatise  \  instead  of  \  was  as- 
sumed as  the  ordinary  working  ratio  of  adhesion.    This  was  deduced 

Table  139. 

Comparative  Ratios  op  Adhesion  of  American  and  Foreign 

Locomotives. 


Ratio  op  Adhssion. 

Conditions. 

Foreign  Eogioes. 

Americao  En^et. 

Maximum  at  slow  speeds  and  under  favor- 
able conditions 

i  or  0.25 

(     lor  0.20  to 
\     for  0.17 

\  or  0.14 

lore.  33 
\  or  0.35 
^or  0.20 

Workinr  maximum •••••»•••« 

Ordinary  aooarent  adhesion 

Many  European  eng;ineers  assume  f ,  or  even  less ;  but  many  American  engineers,  in 

like  manner,  assume  \. 

From  a  summary  by  Mr.  O.  Chanute,  in  **  Haswell*s  Pocket-Book,"  we  may  abstract 

the  following  data  as  to  early  and  European  tests  of  adhesion  : 

Ratio  of  Adhesion. 

Mr  Wood  on  early  English  railway.  ^' ^^^^l^^y^.^x^:::::;:''  ^  JJ 

hap.  the  earhest  test,  on  record) |  V?^g?e^ra.T.     .;::::::::::  o!^ 

B.  H.  Latrobe  on  B.  &  O.  R.  R.  1838 Safe  working  limit 0.13 

(Maximum 0.30 

Modem  European  practice •<  Minimum o.ix 

r  Soemmering  line 0.16 

Italian    Alpine  road,   subject    to    frequent  j  Maximum  in  open  cutting. o.xa 

I  Maximum  in  tunnel. o.xo 

Dryweathtf ]  S:J?}*'» 


French  experiment..  1869-67  by  Mear..  Vuil* 
'  I,  Gucbhard,  and  Dieudonn^ 


Damp  weather \  **'3' 

Wet  weather \  °  ^'jS 

(  0.Z04 

Light  rain 0.09 

Rain  and  fog   0.14 

.  Heavy  ram 0.16 

The  last  records  are  of  dubious  value.  Mr.  Chanute  gives  a  table  of  average  European 
and  American  practice,  which  differs  somewhat  from  the  above,  but  seems  open  to  ques- 
tion in  several  details. 
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by  comparison  of  the  actual  loads  hauled  on  various  nominal  grades  by 
the  same  engine.  Besides  the  causes  just  mentioned,  however,  which  tend 
to  make  this  process  inaccurate,  within  the  nine  years  from  1876  to  1885 
a  very  great  change  has  taken  place  in  the  average  train-loads  hauled  oq 
American  railways,  as  shown  in  Tables  30  to  33,  and  others.  Much  o( 
this  is  due  to  the  use  of  heavier  engines,  but  a  great  part  of  it  is  due  to 
greater  care  to  load  engines  to  their  full  capacity. 

537.  The  adhesion  of  English  and  other  foreign  locomotives  is  ordi- 
narily stated  at  less  than  of  American  by  a  considerable  percentage. 
Table  139  approximates  closely  to  the  difference  which  appears  to  exist 
How  much  of  this  represents  an  actual  difference  of  capacity,  and  how 
much  is  due  merely  to  difference  of  administration,  it  would  be  impos- 
sible to  say ;  but  there  is  no  room  for  doubt  of  the  fact  that  foreign 
engines  haul  lighter  trains,  as  a  rule,  than  American  engines  of  the 
same  weight,  or  that  European  engineers  state  the  limit  of  their  ad- 
hesion at  less  than  that  given  by  American  engineers  for  American 
engines. 

938.  If  we  may  assume  that  the  loads  hauled  by  the  same  engine  on 
any  two  grades  are  affected  only  by  the  difference  in  the  grades  (which 
ordinarily  we  cannot,  except  very  approximately),  wc  may  at  once  deter- 
mine from  the  records  of  these  loads  the  rolling  friction  and  ratio  of 
adhesion,  as  follows ; 

Let  L  and  L  =  the  gross  lo^d  (including  its  own  weight)  hauled  by  the  same 
engine  on  any  two  grades,  ^  and  ^'. 

Let  .r  =  the  total  resistance  per  ton  on  the  lowest  grade  ^,  and  d  =  the  dif* 
ference  in  resistance  per  ton  on  grades  ^  and  ^  (being  that  due  to  graritj  only, 
and  equal  to  the  resistance  from  gravity  on  a  grade  of  ^  "^^ 

Then  Lx  =  L'  {x  +  d), 

L'd 
whence  *  =  ^2rrT)- 

Then  we  have 

Rolling  friction        =  jc  —  resisi 
Traction  of  engine  =  xL 

traction 


Ratio  of  adhesion    = 


wt.  on  drivers 


But  while  these  formulae  are  theoretically  cofTect«  resolts  detennined  bf 
ihem  are  to  be  accepted  as  reliable  only  with  great  cantioii.  If  the  reported 
low-grade  loads  are  too  small,  as  they  usually  are,  the  effect  wiD  be  to  greatly 
increase  the  apparent  rolling  friction. 

539.  Owing  chiedy  to  some  misinterpreted  ezperimenls  Bade  in  FfiiiC9 
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jome  years  ago  by  a  M.  Rabeauf,  a  chief  engineer  of  the  Corps  des  Ponts  et 
Chamstiet^  there  has  for  some  time  been  some  available  authority  to  show  that 
there  may  be  sach  a  thing  as  *' imperceptible"  or  continuous  slip  in  the 
driving-wheels  of  locomotives  in  motion.  Such  a  thing  is  really  impossible, 
bm  the  impression  that  it  occurs  has  become  widespread,  and  mere  assertions 
in  support  of  it,  or  allusions  to  it  as  a  well-known  fact,  exist  without  number. 
The  experiments  referred  to,  from  which  this  whole  imaginary  discovery  seems 
to  have  originated,  were  described  in  a  paper  in  the  AnnaUs  du  GMe  Civil 
(1876),  in  which  the  record  was  given  of  tests  of  a  fast  passenger  engine  for  the 
Northern  Railroad  of  France,  having  four  coupled  drivers  6  ft.  10  in.  diameter, 
cmrrying  26^  tons  on  a  grade  of  0.5  per  cent  (26  ft.  per  mile),  with  good  rail  and 
weather,  and  121  lbs.  per  square  inch  boiler  pressure.     The  report  continues: 

"  Under  these  conditions  the  locomotive,  which  was  tested  alone  (hauling 
no  train  behind  it),  attained  a  speed  on  the  down  grade  of  74^  miles  an  hour, 
corresponding  to  303  revolutions  of  the  drivers  per  minute.  Now,  the  regis- 
tered number  of  revolutions  was  360,  corresponding  to  88.8  miles  per  hour — a 
slip  of  19  per  cent 

''Surprised  at  these  results,  the  writer  repeated  the  same  observations  on 
«  certain  number  of  locomotives  of  different  types,  comparing  the  speed 
^th  the  revolutions  of  the  drivers.  It  was  generally  found  that  the  slip  was 
slight  on  an  up  grade,  but  very  apparent  on  a  down  grade,  ranging  from  13  to 
95  per  cent     It  increased  rapidly  with  the  speed." 

This  evidence  appears  pretty  conclusive,  especially  as  other  articles  and 
5»ragraphs  to  the  same  effect  have  appeared  from  time  to  time,  accompanied 
by  various  reasons  why  the  centrifugal  force  of  the  counterweights,  and  what 
not,  must  have  the  effect  of  producing  it. 

540.  As  a  result  of  these  tests  it  was  concluded  that  '*  common  locomotives" 
were  "actually  unsuited  for  speeds  of  60  to  75  miles  per  hour,"  because  the 
slippage  was  as  much  as  20  per  cent.  In  a  specific  instance  (the  Uetliberg  road) 
referred  to  in  the  paper  it  was  said  that  on  grades  of  7  per  cent  (370  ft.  per 
mile;  less  by  i  per  cent  than  is  now  successfully  operated  in  Colorado,  and  less 
by  3  per  cent  than  was  successfully  operated  on  temporary  lines  by  the  late 
Benj.  H.  Latrobe)  "  the  slip  of  the  driving-wheels  was  found  so  considerable 
that  the  gear  system  was  found  more  economical,"  in  spite  of  the  slow  speed. 

041*  On  the  other  hand,  tests  of  various  American  passenger  locomotives  at 
speeds  at  from  75  miles  per  hour  down,  made  by  Prof.  Chas.  A.  Smith,  Mr. 
Albert  F.  Hill,  and  Messrs.  Henry  Abbey  and  Oscar  H.  Baldwin  (see  Engineer^ 
img,  Aug.,  1885),  to  mention  no  others,  have  uniformly  indicated  that  no  such 
phenomenon  occurs  with  American  locomotives  under  any  circumstances. 

There  is  an  undoubted  possibility,  so  far  as  this  evidence  alone  is  concerned, 
that  the  phenomenon  might  not  occur  with  American  locomotives,  and  might 
occur  with  differently  constructed  foreign  locomotives;  but  in  addition  to  the 
.grave  reasons  for  questioning  the  physical  possibility  of  the  assumed  phenom- 
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enon,  as  being  contrary  to  what  is  known  in  other  ways  of  the  laws  of  frictioOf 
it  is  not  difficult  to  see  how  the  alleged  slipping  may  have  occurred  and  yei 
have  been  in  no  respect  *'  imperceptible"  slip,  nor  different  in  any  way  from 
ordinary  slipping,  which  is  perceptible  enough. 

542i  When  a  locomotive  is  only  moving  itself,  especially  if  running  down 
a  grade,  and  so  having  little  work  to  do,  and  when  all  possible  power  is  put  on 
to  run,  in  literal  truth  "  as  fast  as  the  wheels  can  turn,"  whether  the  wheels  are 
slipping  or  not  will  make  no  very  conspicuous  difference  in  their  speed  of  revo 
lution;  while,  on  the  other  hand,  the  work  required  of  the  locomotive,  simply 
to  keep  up  speed,  will  be  so  small  that,  when  the  wheels  once  begin  to  slip,  the 
loss  of  power  will  not  be  so  great  as  to  prevent  the  acquirement  and  mainte- 
nance Df  very  high  speed,  although  they  will  continue  to  slip  indefinitely,  never- 
theless.    On  the  other  hand,  with  a  train  of  even  one  car  behind  the  engine  no 
high  speed  could  probably  be  maintained  under  such  conditions,  for  the  mini- 
mum power  to  maintain  the  speed  would  then  be  so  great  that  the  speed  would 
be  immediately  checked,  and  make  it  clear  to  the  senses  that  the  wheels  were 
slipping.     Whenever  the  locomotive  was  running  up  any  considerable  grade  it 
would  be  still  less  possible;  and  the  cautious  statement  quoted  above,  that  it 
was  *'  generally  found  "  that  *'  the  slip  was  slight  "  on  an  up  gjade,  probably 
means  that,  as  a  matter  of  fact,  no  absolute  evidence  of  any  slip  was  detected, 
or  the  figures  for  it  would  have  been  given. 

943i  To  make  the  true  explanation  of  the  phenomenon  clearer:  Suppose, 
when  the  wheels  of  a  freight  engine  were  slipping,  while  it  was  standing  still, 
that  the  engine  were  simply  uncoupled — instead  of  shutting  off  steam  in  the 
usual  fashion.  If  the  grades  were  not  too  unfavorable  the  engine  would  prob- 
ably start  ahead,  the  wheels  still  slipping;  and  if  all  the  steam  were  put  on,  on 
a  favorable  down  grade,  a  velocity  of  **  74^  miles  per  hour"  might  possibly  be 
obtained,  with  an  "imperceptible  slip"  of  20  per  cent.  These,  or  something 
like  these,  are  probably  the  conditions,  and  the  only  conditions,  under  which 
the  phenomenon  has  ever  been  observed,  and  they  correspond  to  nothing  in  the 
worst  extremes  of  practical  operation.  The  only  thing  really  proved  by  such 
"  tests"  is  that  even  if  the  wheels  are  slipping  in  ordinary  fashion  they  will  kick 
hard  enough  against  the  rails  to  make  an  unloaded  engine  move  down  a  grade 
at  a  very  lively  pace ;  which  illustrates  how  easy  it  is  to  draw  wrong  conclusions 
from  observed  facts. 

544.  The  effect  of  the  CENTRIFUGAL  FORCE  OF  THE  COUNTERWEIGHTS 

of  the  locomotive  to  modify  the  pressure  of  the  wheels  on  the  rail  is  con- 
siderable, and  especially  on  bridges  very  important,  but  as  respects  its 
effect  on  the  adhesion  it  is  less  important,  if  indeed  it  can  be  said  to  be 
of  any  importance. 

The  counterweights  are  weights  added  to  balance  the  piston  and 
other  reciprocating  parts,  and  thus  prevent  serious  disturbance  of  the 
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Fig.  xo8. 


motion  of  the  engine.  They  are  either  cast-iron  weights  between  the 
ipokes  of  the  drivers  or  lead  poured  into  hollows  in  the  wheel-centre^ 
uid  have  the  effect  to  make  the  wheel  lop-sided.  When 
the  counterweights  are  in  the  position  a.  Fig.  io8,  their 
centrifugal  force  will  be  so  much  added  to  the  weight  car- 
ried by  the  wheel,  and  increase  its  pressure  on  the  rail  by 
lo  much.  When  they  are  in  the  position  a\  at  the  top  of 
the  wheel,  the  centrifugal  force  will  decrease  the  pressure 
on  the  rail.  When  they  are  in  the  position  d  and  d^  the 
centrifugal  force  will  have  no  vertical  effect. 

As  respects  freight  engines,  especially  when  the  engine  is  working 
hard  enough  to  be  in  any  danger  of  slipping  the  wheels,  the  speed  is 
ordinarily  so  slow  that  the  centrifugal  force  of  the  counterweights  is  all 
but  imperceptible.  As  respects  passenger  engines,  the  counterweights 
can  at  worst  exert  no  appreciably  injurious  effect  upon  the  adhesion,  for 
the  reason  that  the  possible  boiler  tractive  power  decreases  with  speed 
very  much  faster  than  it  can  be  diminished  by  any  possible  effect  of  the 
counterweights. 

545.  But  while  this  phenomenon  has  no  measurable  effect  upon  the  adhe- 
sion, and  is  not  likely  to  have  a  very  serious  effect  upon  the  track,  it  may  and 
does  have  such  effect  on  bridges.  The  sharp  variation  which  takes  place  in 
the  load  on  the  rails  has  no  effect  on  the  riding  of  the  engine,  since  it  does  not 
act  through  the  springs.  But  it  does  give  to  the  rail  what  has  been  not  inaptly 
termed  a  "hammer-blow;"  and  its  effect  on  bridges  (especially  on  over-light 
bridges;  see  Chap.  XXIII.)  is  visi- 
ble in  the  striking  diagrams  repro- 
duced in  Figs.  I09~i  i6,  which  show 
bow  very  greatly  the  oscillations 
of  bridges  are  increased  when  the 
period  of  revolution  of  the  drivers 
happens  to  coincide  with  the  period 
of  ctcilUtion  of  the  bridge. 

Figs.  109-1 16  are  from  observations 
oc  the  vibration  of  bridges  by  Prof.  S. 
W.  Robinson.  They  show  the  vertical 
and  lateral  vibrations  of  the  panel 
point  nearest  the  middle  of  its  lower 
diord  during  the  entire  passage  of  the 
train. 

The  upper  line,  AB^  shows  the  ver- 
tical movements,  and  the  lower  one, 
MN,  the  lateral  movements.    The  lowest  one,  JCYf  is  a  line  of  reference.    As  a  train. 


Wllll«MW1 


— *-^/^/\/V^AAAAA/^AXJ 


iir«,|jta 


■^^-y/\/V>^^v>^ 


fftt^irtrtmrr 


FiGB.  X09,  zio. — Eppsct  op  Passage  op  Fast  Pas* 
SSNGER  Trains  (40.8  and  43.1  Milbs  per  Hour) 
OVER  Through  Pratt  Truss,  148  Ft.  Span. 
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Fics.  xsx-tx6.— ViBBATiONS  Pboducbdditiii 

SAME  BrIDGB  by  THB  PaSSACB  OF  VaKXCCS 

Freight  Traims  at  Various  Speeds. 

Vertical  Scale  three  fourths  of  actual  mon* 
meoL 

[Through  Pratt  Truss  Bridge,  NewToik, 
Pennsylvmnia  A  Ohio  Railroad,  near  Lcit* 
ittaburg,  O.,  141  feet  span,  24  feet  deep,) 
panels,  15  feet  8  inches  each.  Kind  of  eogiae 
and  train  and  speed  given  in  each  diagraa. 
The  scale  below  **  Length  of  Train'*  ilion 
the  revolutions  of  the  driveiB.] 


'irt-mx 


jC  iiiumvii 


VT^ 


.L0nfH,ofrfm*M Mf    lar.-—-- -•--  —  — —il     - 

L.i-jai  j.L.i^Jj.j.  i_t-Li^.Li.LLjjjixL.uJj.uj.xLi.iJ 


' ^^y^A^A/^A/^/---^^y^/\AyVlJ^S^^As^^ 


approached  the  indicator  was  started,  making  the  straight  lines  to  the  left  of  ^,  Mmi,  X 
As  the  train  struck  the  bridge  lateral  motion  of  the  pencils  began,  and  it  will  be  seen  that 
in  all  cases  the  deflection  was  greatest  within  a  second  or  two  after  the  locomotrre  had 
"ntered  upon  the  bridge,  or  about  when  the  whole  of  the  engine  and  tender  was  Cairijr  00 
the  bridge,  and  long  before  it  had  reached  even  the  middle  point  of  the  bridge. 

The  hollow  in  the  diagrams,  which  inmiediately  follows,  showing  a  nsction  Crns 
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ue  dejnaaioDf  mdkatca  cL«ir]y  that  the  latter  la  a  dynamic  effecl,  the  sudden 
1  caused  b^  the  entiauce  of  the  load  setting  the  bridge  in  motion  dowDward  so 
at  iu  momentum  carries  it  down  far  below  what  even  much  greater  static  strains 
>  mairtfain      \\  is  probabic  that  bridges  of  Ioo^t  span  and  greater  weight  would 

eSect  much  less  markedly. 

Dgtb  of  train  and  also  a  scale  (on  the  right  line  between  A  and  B\  on  which  tha 

*  of  tbe  drivers  arg  icdkated  haa  been  added  to  the  originals. 

be  seen  that  in  every  instance  the  vibrations  of  greatest  magnitude  are  almost 
ocbionous  with  the  driven'  revolutions,  but  as  the  vibrations  decreased  thejr  be- 

■o,  and  when  the  vibtalions  bemme  a  mere  wavy  line  there  is  no  observable 

iflerence  in  the  eHect  of  passenger  and  freight  trains,  or  of  dlRerent  conitnic- 
pe«d,  as  shown  by  compaiiog  Figs.  1 15-16  with  Figi.  109-10,  la  very  noticeable 


THE  LOCOMOTIVE  BOILER. 

To  btim  more  than  So  lbs.  of  coal  per  square  foot  of  grate  per 

sure  to  decrease  the  efficiency  of 
tion,  although  as  much  as  100  lbs. 
burned  under  favorable  conditions, 
ir  economy.  When  combustion  is 
beyond  this,  as  it  not  unfrequently 
times  even  so  far  as  to  apparently 
t.  it  is  all  but  certain  that  a  large 
on  of  the  additional  coal  supply  will 
once  from  the  smoke-stack, 
imed.     As  much  as  ao  per  cent  of 

coal  put  Into  the  fire-box  haa   fic.  i 
;ually  caught  in  the  smoke-box,  and      t^,^  naW'-ii^i'i.Wa%i^Ka 

IF  AN  Bxn'x  - 


that  when  more  than 
lbs.  per  square  foot  are" burned" 

he  whole  of  the  excess  of  supply  is  CThii'rump''w»spliked"up^Mr. 

cted  (see  Table  146).     Fig.  1 17.  with  g;rwJIIff^'.';!ji''hVThe"  ^lilT- 

mpanying  note,  gives  a  rather  exag-  ^<  '^J^b;f'r,iS;?ii!*'{lo^ar^ 

instance  of  what  is  continually  tak-  lump,  perhipi.  could  be  found  with 

— ,                                               f          <  .  such  a    record,    but    innumeiable 

e.     The  miniinum  waste  of  coal  in  nDalleronei.    The  lu«n  wu  n«r. 

'  is  probably  5  per  cent.  ^"'^iL'^J.f 

The  ordinary  evaporati  

ind  of  coal  burned  is  hardly  more  £^^'S 

bs.  In  this  country,  and  sometimes 

M,.  or  even  less,  although  it  rises  to  8  or  9  lbs.  jn  some 


-, _.  partially  ignie 

specific  ffrsTJIy  would  hate 

•■  — ■ --ed,  and   it  would 

easily  carried   OL.    _, 
mt  probably  btnkcn  up 
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and  very  frequently  if  not  usually  does  so  abroad,  where  the  evaporaiioo 
is  more  economical  than  is  common  here,  owing  in  great  degree  toibe 
combustion  being  less  pushed  by  the  hauling  of  heavy  loads,  and  in  pan. 
probably,  to  more  skilful  firing.  Theoretically,  a  fair  ordinary  coalfol 
14,000  heat-units — not  by  any  means  the  best — see  Table  140)  ought  to 
evaporate  something  over  12  lbs.  from  water  at  60®  Fahr.  to  steam  at 
120  lbs.  pressure. 


Table  140. 
Heat-units  in  Various  Fuels. 


Pure  carbon 

Pennsylvania  anthracite. . . 
Pittsburg  bituminous  .   . . . 

Illinois  coal  (pure  quality) 


] 

English  coal  (average) \ 

English  coke  (average) ■! 


Crude  petroleum 

Lignite 

Asphalt... 

Dry  wood  (all  kinds) 


] 


Heat-units. 


8,000) 

XOfOOof 

14,858 1 
13,860  f 

12,3«>J 


9,8341 
X4i449) 


»4»5«» 
X4,aoo 

9,000 
X4,3ao 

«3,550 
90,240 

X  1,678 

16,655 


Brap.  Power  Qbs.  wttef) 
from  aod  at  213*. 


X4-34j. 
»5-5»f 


J       14.64  I 
(        xa.7a  f 


{ 


xo.  x8  \ 
X4.96r 


1503 
iS-ot 
1469 

9.90 

"4.83 

14.0a  Ik 
ao.33  ** 
xa.io  •* 

17.84  •* 
8.07** 


The  heat  required  for  evaporation  *'frona  and  at  aia*  (i.e.,  the  conversion  of  water  at 
312*  into  steam  at  212**  or  atmospheric  pressure)  being  i.oo,  the  heat  required  to  tun 
water  at  normal  feeding  temperatures  into  steam  of  usual  working  pressures  is  as  foUom: 


Feed- 
water. 

Steam  Prbssurb  above  Atmosphxkb— Lbs. 

•  Fahr. 

20 

40 

60 

80 

100 

120 

140 

160 

40* 

6o* 

8o« 

xoo* 

1. 193 
1.172 
1. 151 
1.131 

X.203 
X.183 
1.161 
1.141 

1.209 
i.i83 
1.167 
1.147 

X.214 

>.i93 
X.173 
x.i5a 

x.ax9 
X.X98 
X.X77 
X.157 

x.aos 
x.xSx 
x.x6x 

T.a26 
X.S05 
X.X84 
X.X64 

1.399 
1.308 

1.187 
1.167 

(^kbstracted  from  a  large  table  in  '*  Steam-Making,"  by  the  late  Prof.  Charles  A.  Smithy 

The  lowest  rates  of  evaporation  occur  with  the  highest  rates  ol 
combustion,  and  vice  versa  ;  and  ordinarily  it  is  not  possible  to  evaporate 
more  than  600  lbs.  of  water  per  square  foot  of  grate  per  hour  (say. 80  lbs. 
coal  X  7i  lbs.  evaporation  ratio,  or  100  lbs.  x  6)  for  any  length  of  time- 


CHAP,  AY.— Z  OCOMO  TI VE  BOILER,  45 1 


More  may  be  done,  but  it  cannot  be  relied  on,  and  500  lbs.  of  water  per 
■qnare  foot  of  grate  would  come  nearer  to  a  moderate  working  maximum. 

046«  The  ordinary  load  on  drivers  per  square  foot  of  g^te  ranges 
from  2500  to  4000  for  ordinary  types,  as  shown  in  Tables  127-130 ;  3000 
lbs.  being  rather  low  for  passenger  engines  of  the  American  type  and 
for  Consolidation  engines,  and  4000  rather  low  for  Mogul  and  Ten-wheel 
engines.  The  larger  proportion  of  grate  surface  in  the  Consolidation 
type  may  be  considered  as  in  part  a  concession  to  the  difficulty  in  firing 
such  engines. 

049.  The  steam  used  in  the  every-day  working  of  locomotives  (in- 
cluding the  entrained  water  carried  along  with  the  steam  mechanically)  to 
do  33,000  ft.-lbs.  of  net  effective  work  *  is  somewhat  under  30  lbs.,  never, 
probably,  running  very  much  higher  than  that,  and  rarely  quite  as  low 
at  to  2$  lbs.,  even  under  the  most  favorable  circumstances;  that  being 
the  lowest  fair  assumption  for  steam  used  at  slow  speeds  on  long  grades 
or  at  other  specially  favorable  points,  except  that  for  very  short  distances 
considerably  more  than  that  may  be  shown,  owing  in  part  to  drawing  on 
the  small  reserve  of  power  in  the  boiler  (par.  553  and  Table  144). 

090.  Then,  as  the  production  of  steam  is  600  lbs.  per  square  foot  of 
gimte  per  hour,  and  the  consumption  per  horse-power  per  hour  is  rarely 
better  than  25  lbs.  and  often  much  worse,  we  have  ^f-  =  24  horse-power 
as  the  maximum  ordinary  capacity  of  one  square  foot  of  grate  area. 
Tables  146  and  147  will  indicate  that  this  is,  on  the  whole,  a  rather 
favorable  showing  for  what  can  be  actually  realized.  But  to  determine 
the  very  highest  maximum  which  can  be  claimed  in  the  way  of  locomo- 
tive performance,  we  may  appropriately  refer  to  Mr.  Wm.  Stroudley's 
paper  on  the  locomotive  performance  of  the  London,  Brighton  &  South 
Ccxist  Railway  (Trans.  Inst.  C.  E.  1885),  where  we  find  that  an  average 
of  about  600  indicated  horse-power  was  maintained  for  6  or  8  miles  in 
Wiccession  by  an  engine  with  17.04  square  feet  grate  area,  with  an  aver- 
horse-power  for  the  whole  run  of  50  miles  of  528.5,  corresponding  to 


Indicated  H.  P.  per  sq.  ft.  grate  - 


600  -J  -^ 

maximum  —  =  35.3  H.  P. 
17  •^•' 


528.5 
average  - — -  =31.1      " 

Net  effective     "         **  "         (10  per  cent  less),  say,  32  and  28  H.  P. 

In  round  figures,  30  effective  horse-powers  per  square  foot  may  be  said 
to  be  the  ultimate  limit. 

551.  The  horse-power  which,  if  it  could  be  produced,  might  be  trans- 

*  For  one  hour. 
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mitted  through  the  drivers  for  propelling  the  train  is  veiy  much  greater 
than  this  except  at  the  slower  speeds,  so  that  at  the  slower  speeds  only 
is  it  possible  to  utilize  the  full  adhesion,  as  may  be  determined  thus: 

Per  Square  Foot  of  Grate  Arl 

Usual  load  on  drivers,  as  per  Table  141,      3,000  to  4.000  lbs. 
Equivalent  tractive  power  for  \  adhesion,      750  to  1,000  lbs. 

Table  141. 

Load  on  Drivers  Per  Square  Foot  of  Grate  Area  for  the  Vxuon 

Locomotives  given  in  Tables  ia7-i3a 


Table  137.— American  Engines.       1 

Table  laS. — Mogul  Engines. 

Date. 

Road  or  Maker, 
and  Cylindera. 

Lb«.per 
sq.  IL 

Date. 

Road  or  Maker, 
and  Cylinders. 

Lbfcnr 
sq.K. 

1873  ... 
1884-... 
X884  ... 
1884.... 
1884.... 
1884... • 

Mason,  17  x  34 

No.  Pacific.  17  X  S4 

■.440 

3»39» 

s,9ao 

3/>So 

31070 

3^590 

1,886^ 

3,670 

1873... 
1883... 
X884... 

Balden.  x$x9A^^.. 

1.110 

Brooka,  i8xs4. 

Baldwin  (N.S.WaleiXx8  »  96 

447> 

Brooks.  17  K  94 

4.69B 

C     B  &  0    iTXAA 

"      '*     18x24 

Table  199.-- Consoudation  EHGurni 

Mason.  t8  ^  ai 

•0x94  cylindera. 

1875-6. 
r886... 
1883... 

IVnna.''C1aMl" 

3«4S> 

1884  ... 

West  Shore  <  3  

"      ••  Claaa  R  ". 

3.W 
3^>» 

ymfmmM  Quww 

WCK  aiMtV........  .... .... 

Table  laS.— Ten-wheel  Engines. 

Table  ijcx — ^Mastodon  EHOiNEa. 

1873  ... 
1883 — 

Baldwin.  i8xa6 

4tO«> 
3»a30 

18S9... 

|V09. • • 
1 

Cenml  ftc.,  19x30 

LdliKh  v.,  aoxs6 

4.W 

Brooks.  10  X  94 

•  Tliese  engines  haTc  spcdally  laf|e  giatca  to  pcnut  of  alow 


Then  the  horse-power  per  hour  per  aqnare  foot  of  grate  area  vhich 
will  or  might  be  transmitted  through  the  driven»  if  their  utmost  adhesioa 

be  utilized,  will  be — 


Max.  H.  P.  = 


load  on  drivers    ' 


^280 


^Jcoeff.  adhesion  I' 33.<^  x  60  ^ 'P^  "  """  ^  •"""" 

By  this  formula  Table  142  was  computed,  vhich  indicates  at  onoe  a 
truth  of  the  first  importance— that  it  is  absolutely  impossible  to  produce 
enough  power  in  the  b^^iler  to  utilize  more  than  a  small  fraction  of  the 
available  tractive  power  at  any  of  the  higher  speeds^  and  it  is  onlf  as  we 
fall  below  15  miles  per  hour  that  it  becomes  possible  for  even  freigta 
engines  to  do  so. 


— .  -     — ___      -    Y  .  ••---•7      ■.)  '  ^  _  1^- 


Z.2L1  142. 


a    :i-.:^JL 


TT-L    :    iJZ 


.?     \  ARIOi; I, I. .IK. 


IjiZisi  rr  rae-rifth  rjort  v.    .rr.'-rrj.  ..: 


-a 


10 

15 

=                »3-33 

la  : 

xe.67 

3!    - 

apao.        30.x 

.1  ■. 

K.:; 

-i  - 

F?es.           zt-:- 

«• 

■".  Ji 

-'    - 

arts  :sr  .jzv  _:  - 

"•    7           ^ 

Tnttat-n 

J— 

.    •■-.  5^~  _ 


17 

fllTS 


lbs. 
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Table  143. 
Wkight  of  and  Heat  in  Steam  at  Various  Prsssuris. 


Pressure, 

Lbs.  per 

sq.  in. 

above 

atmosphere. 

Heat-ukits.* 

Weight 

cu.  fL 
Lb*. 

Sensible.       Total. 

O 
20 

50 

lOO 
I20 
140 
160 

212.0       II78.I 

259.3        II92.5 
281.0       II99.I 

335.0  1216.5 

350.1  1220.2 
361.0       1223.5 
370.8        1226.4 

.038 
.0S6 
.120 
.263 
.308 
.350 
.393 

Full  tables  giving  these  properties  of  steam  for  each  point  of  pressure  will  be  fooDd 
in  D.  K.  Clark's  "  Manual  for  Mechanical  Engineers/'  and  in  many  other  treatises.  The 
pressures  given  above  the  atmosphere  should  be  a3  lb.  greater,  and  the  total  presnre 
measured  from  a  vacuum  15  lbs.  greater.  These  figures  rest  purely  on  ezperimentf  from 
which  accurate  formulae  have  been  deduced. 


Table  144. 

Available  Energy  in  Heated  Water  and  Stbam  of  Locomotive 

Boilers, 

Between  normal  temperature  of  steam  and  312*  Fahr.,  or  that  available  in  case  of 
explosion.  For  practical  working  the  available  stored  energy  is  very  much  less  than 
this.     See  top  of  next  page. 

[Abstracted  from  a  paper  on  "  Boiler  Explosions,"  by  Prof.  R.  H.  Thunton,  Trans.  Aol  Soc. 

M.  E.,  Vol  VI.,  Paper  CLXII.l 


Arra 

OF— 

1 
Grate. 

Heat'g 
surface. 

sq.  ft. 

20 

23 
30 

sq.  fi. 

875 
1,200 

1.070 

».35o 

1 

W 

EIGHT   OF — 

Boiler. 

Water. 

Steam. 

lbs. 

lbs. 

lbs. 

14,020 

6,330 

19.02 

20,565 

6,450 

35  65 

19,400 

5.260 

91.67 

aS'OOO 

6,920 

3»»9 

Stored  Energy  Available— 


Water. 


ft..lbs 
X  s  1000 

64.253 

64.45a 

52,561 

69.  M9 


Steam. 


ft. -lbs. 
I  =  1000 

a.385 
3im6 
«.7«7 
3»9»o 


Total. 


ft.-lbs 
I  =  xooo 

66.638 

67,678 

55»«78 
73i059 


mile-lbs 

I  =:  E 

zs.6si 
ta,8i8 
i<m69 
«3f837 


*  The  heat-unit  must  be  carefully  distinguished  from  a  mere  dei^rec  of  tempenitnre,  frooi 
which  it  differs  much  ns  a/hoZ/ounti  didcrs  from  a  pound  or  a  foot,  or  as  an  area  differt  from 
a  distance.  The  little  diagrams  on  the  next  page  (Figs.  1x8, 1x9,  and  lao)  will  make  this  clearer. 
A  heat-unit  is  a  quafttity  of  heal.  What  is  called  temperature  is  merely  an  ailitmde  of  beat.  A 
high  altitude  of  temperature  is  consistent  with  a  very  small  quantity,  if  the  body  be  small,  or 
even  if  the  body  be  large  and  its  capacity  for  absorbing  or  holding  heat  SSUlL  DiiiCfcnt 
materials  differ  greatly  in  this  respect. 
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AMDmed  sleam  presnire,  las  lbs. 

This  table  gives  the  entire  energy  in  the  steam  and  water  between  aia*  and  y^^  or 
amount  of  work  whidi  would  be  done  if  the  pressure  were  allowed  to  fall  to  sero 
there  were  no  back  pressure  or  other  losses  in  the  cylinder.    It  will  be  seen  to  be 
abcmt  equal  to  the  ordinary  working  tractive  power  of  a  powerful  engine  for  about  one 
Perhaps  one  half  of  this  stored  energy  is  a  practically  available  resource  fai 


AOHA I J. 


V 
I 


I 

•I 


eof/- 


•I- 


L  .    AREAS       \  i 

f        I        : 


T' 


pressure  drop  from  140*  lbs.  to  50  lbs.  is 
•imply  this,  say,  for  the  second  engine 
given  inxbe  preceding  Table  144  : 

In  Steam  Space:  Only  8.8  instead  of  25.6 
lbs.  of  steam  are  required  to  fill  the  steam 
space,  releasing  some  17  lbs.  of  steam. 

In  Water  Spiue:  The  fall  of  sensible  '^oFf 
temperature  from  361^  to  281°  releases  80 
heat-units  per  pound  of  water,  and  80  x  | 
{specific  heat  of  iron)  heat-units  per  pound 
of  boiler,  being  sufficient  to  convert  into 
Steam  a  weight  of  water  equal  to  about 
^  of  the  total  weight  of  boiler  and  con- 
tained water,  or  for  the  given  engine  728 
lbs.  of  steam. 

This  makes  a  total  gain  of  only  745 


'Toff. 


Leiijgths  I 


^W^, 


Fio.   1x8.— Relation    op    Areas   to 
Altftudbs  and  Lengths. 


j  j  i  . 


lbs.  of  steam,  or  37^  lbs.  per  square  foot   .1^ 


of  grate,  which  is  about  what  a  square    ^iOPi-"\ \ 


foot  of  grate  should  evaporate  in  3I  min- 
utes, at  the  rate  of  600  lbs.  per  hour. 


30  A^.; j. I— . 

Foot  P'ouNds 
\QOFh'ir f V ,' 

I   of  workA 


4- 


io'ibs    zofbs  JO/JDS  ^tSi 


554.  As   respects   letting  -the   supply  of   Pic.  hq.-Relation  of  Foot-founds 


OP  Work  to  Distances  and  Weights. 


k^oV-- 


^(7^. 


\ 


[30  V"-^ 

HeAT  UNITS. 


water  fall  off,  here  also  the  gain  is  compar- 
atively slight,  because  the  heat  used  to 
raise  the  temperature  of  the  water,  say, 
from  60^  to  the  boiling-point  at  120  lbs. 
pressure,  350^,  is  only  290  heat-units  per 
pound  of  water,  or  one  third  (f|{)  as 
much  as  is  needed  to  change  the  water 
into  steam  after  it  has  reached  that  limit. 
Therefore,  even  if  we  allow  as  much  as  10 
per  cent  of  the  whole  water  in  the  boiler    O 

to  evaporate  without  replacing  it,  which   Fig.  iso.— Relation   op   Heat-units 
will  lower  it  about  3  in.,  we  only  save  heat  ^^  Temperature  and  Mass. 

enough  to  evaporate  ^  of  the  whole  water  in  the  boiler,  or  215  Ibs^ 


•  I  • 

\Mass.\  : 


foht    ioibt    aolbs  AOli^ 
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being  somewhat  over  lo  lbs.  per  square  foot  of  grate,  or  about  what  is 
evaporated  in  one  minute. 

559.  Nevertheless  it  helps ;  but  that  the  help  is  small,  is  clear  in  an- 
other way  from  Table  144,  which  gives  the  total  available  energy  in  the 
boiler  and  contents  if  the  boiler  pressure  were  allowed  to  fall  to  zero,aD(! 
the  steam  thus  produced  used  without  loss  (other  than  the  heat  in  the 
steam  at  212'')  in  the  cylinders. 

It  will  be  seen  from  Table  144  that  an  engine  which  is  working  faiiiy 
hard  (as  hard  as  it  can  continue  to  work  indefinitely),  and  evaporating 
600  lbs.  per  square  foot  of  grate,  will  evaporate  a  whole  boilerfui  of  water 
in  from  20  to  40  minutes.    This,  again,  shows  that  the  available  reserve 

Table  146. 

Estimated  Approximate  Distribution  of  the  Loss  op  Heat  in  American 
Locomotive  Boilers  to  its  Various  Contributing  CilbsBs. 


Theoretical  evaporation  of  fairly  good  (14,000  H.  U.) 
coal 


Actually  evaporated  in  fair  average  practice,  with 
•uch  coal 


Leaving  as  wastage  to  be  accounted  for,  which 
may  be  divided  between  the  various  aourccs 
of  loss,  as  follows  : 

I.  Heat  carried  off  in  the  gases  of  combuitioa  (ex- 
tremes of  smoke-box  temperature  talceo  at  39a* 
and  724°) 

9.  Lost  in  the  ash 

3.  Getting  up  steam  and  banking  fires  (about  10  per 
cent,  but  not  included  above,  and  so  neglected.) 

Unconsumed  coal  ejected  by  the  blast 

Imperfect  combustion 

External  radiation 

Entrained  water  (a  real  loss  but  apparent  gain). . . 

Lost  through  safety-valve 


4- 

5- 

6. 

7- 
8. 


Total  loss  as  above  estimated . 


MAxmuM. 


Lbs. 


IS  .Of 

9.06 


3.01 


t.n 


.96 

•  •  •  • 

•CIS 
CIS 


3.0Z 


Percent. 


too. 
75. 


•5- 


P.+ 


•  ■•• 

3- 

•  •  •• 

IS. 

— 1. 

X. 


•S< 


Minimum. 


Lbs.     I  PerccsL 


IS. 07 
6.04 


6.04 


S.4S 


I. SI 

.60 

1. 81 

•0.61 

0.61 


6. 04 


IOS< 

Si>- 


0.+ 


10. 

S- 

»5. 

-5- 

S- 


These  extremes  are  rarely  reached  in  the  same  engine,  bat  the  maximum  is  only 
reached  under  favorable  and  the  minimum  under  unfavorable  conditions  for  eoonomiad 
combustion. 

In  marine  practice,  nearly  all  the  above  sources  of  km  except  the  first  are  avoided.  An 
efficiency  of  from  80  to  90  per  cent  of  the  the(»etical  evaporation  ia  thcnfoie  no  longer 
exceptional. 
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in  the  boiler  is  a  pretty  small  affair,  and  the  normal  generation  of  steam 
we  have  seen  (Table  142)  to  be  quite  unequal  to  utilizing  the  full  tractive 
power  at  any  high  speed. 

M6«  The  boiler  is  not  an  uneconomical  generator  of  power.  In  the 
best  types,  from  75  to  90  per  cent  of  the  potential  energy  which  goes  into 
it  in  the  form  of  fuel  leaves  it  in  the  form  of  steam.  Nor  is  the  locomo- 
tive boiler,  in  spite  of  its  great  efficiency  in  proportion  to  weight,  inferior 
to  other  types  in  economy,  the  very  best  of  stationary  and  marine  boilers 
alone  excepted.  Without  going  into  details,  for  which  space  cannot  be 
taken.  Table  145  gives  the  substance  of  the  facts  in  relation  to  its  ordi- 
nary working  when  not  burning  over  80  to  100  lbs.  of  coal  per  hour. 
When  combustion  is  pushed  harder,  the  loss  from  unconsumed  coal 
ejected  by  the  blast  is  much  heavier. 

THE  CYLINDER  POWER. 

557.  Since  we  have  seen  that  the  locomotive  boiler  is  quite  unequal 
to  supplying  steam  enough  to  utilize  the  full  adhesion  at  high  speeds,  it 
results  in  no  serious  loss,  and  need  occasion  no  surprise,  that  the  cylin- 
der, which  is  a  mere  transmitting  agency,  is  in  actual  practice  and  as 
actually  constructed  unequal  to  transmitting  such  an  amount  of  power, 
even  if  it  could  be  generated.  As  the  speed  rises  above  the  lower  work- 
ing speeds  for  which  the  locomotive  was  designed  there  is  a  very  great 
reduction  of  cylinder  efficiency  as  measured  by  the  average  pressure  in 
the  cylinders,  cut-off,  opening  of  throttle,  and  boiler  pressure  being  the 
same. 

558i  The  steam-engine,  even  in  its  most  perfect  forms,  attempts  only 
to  convert  into  work  the  expansive  energy  of  steam,  which  is  a  very 
small  part  of  its  total  energy.  All  that  great  proportion  of  the  heat 
energy  in  the  steam  which  has  been  required  for  the  purpose  of  chang- 
ing it  from  water  into  steam  is  wholly  thrown  away,  even  in  a  theoreti- 
cally perfect  steam-engine.  It  is  hardly  to  be  conceived  of  that  science 
will  not  eventually  discover  some  radically  different  device  for  convert- 
ing heat  into  work  which  will  be  many  times  more  effective,  but  at  pres- 
ent we  do  not  seem  to  be  even  tending  toward  it. 

559t  All  ordinary  forms  of  steam-engines  are  in  substance  similar  to 
the  engine  of  the  locomotive,  which  in  its  essential  outlines  is  simplicity 
itself,  consisting  only  of  a  piston  vibrating  back  and  forth  within  a  cylin- 
der to  which  steam  is  admitted  and  cut  off  at  each  end  alternately  by 
some  form  of  automatically-acting  valve — in  the  locomotive,  the  slide- 
valve.    The  steam  is  admitted  for  a  certain  fraction  of  the  stroke  (one 
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quarter  to  three  quarters  in  the  ordinary  practice  of  the  locomotive),  called 
Iht  period  of  admission;  then  cut  off,  permitting  what  steam  is  shut  up 
in  the  cylinder  to  expand  and  do  further  work  during  what  is  called  the 
period  of  expansion  ;  and  then  released  or  permitted  to  escape  at  orl»- 
fore  the  end  of  the  stroke,  so  that  there  may  be  as  little  as  possible  baci 
pressure  to  resist  the  return  stroke. 

While  this  division  of  the  work  done  in  the  cylinder  into  the  period 
of  •'  admission"  and  of  "exp>ansion"  is  convenient,  yet  during  each  period 
alike  it  is  the  expansive  energy  of  the  steam,  and  that  alone,  which  does 
what  work  is  done. 

560*  On  the  proper  design  of  the  valve-gear  by  which  the  slide-valve  is 
moved,  and  so  the  admission,  cut  off  and  release  of  the  steam  control!ed« 
hangs  nearly  the  whole  question  of  good  or  bad  working  of  the  cylinders,  and 
its  theory  is  a  study  in  itself,  into  which  we  need  not  enter  ;  contenting  our- 
selves with  determining  what  are  the  theoretical  limits  of  efficiency,  what  are 
the  results  actually  obtained  in  good  practice,  and  how  these  results  onght  to 
be  and  are  affected  by  varying  conditions. 

561i  The  form  of  valve-gear  known  as  the  link-motion  is  in  all  but  univer- 
sal use  on  American  engines,  and  is  used  on  a  large  majority  of  all  foreign 
engines.  It  was  invented  almost  contemporaneously  with  the  locomotive  itself, 
and  a  large  part  of  the  credit  for  it  is  due  to  the  same  man,  George  Stephenson; 
so  that  it  is  not  unjustly  known  by  his  name,  although  it  is,  properly  speaking, 
the  invention  of  Howe,  a  foreman  in  his  shops.  It  has  not  been  essentially 
modified  or  improved  upon  since  its  invention,  except  as  advancing  experience 
has  given  better  knowledge  of  the  precise  proportions  which  it  should  have, 
and  it  is  with  justice  regarded  as  one  of  the  most  notable  inspirations  in  the 
history  of  mechanism,  fulfilling  as  it  does  very  simply  yet  remarkably  well  all 
the  complex  requirements  which  a  locomotive  valve-gear  should  have. 

562,  Nevertheless  there  are  certain  desirable  ends  which  it  does  not  fulfil, 
and  in  recent  years  a  number  of  valve  gears  have  been  devised,  some  of  them 
of  a  highly  ingenious  character,  which  are  claimed,  and  probably  with  truth, 
to  possess  certain  practical  advantages  over  the  link-motion,  and  which  have 
met  wide  acceptance  abroad.  It  is  possible,  although  as  yet  hardly  probable, 
that  some  of  these  may  eventually  supplant  the  link-motion,  but  none  of  them 
have  yet  been  shown  to  give  such  radically  different  results  from  the  link-mo- 
tion that  any  of  the  conclusions  we  shall  reach  will  be  affected  thereby,  except 
in  degree. 

563.  Assume  such  a  cylinder  as  that  described  in  par.  559  to  have  a 
connection  opened  with  the  boiler,  at  the  beginning  of  the  stroke,  which 
continues  open  until  the  end  of  the  stroke.  Let  the  connection  with 
boiler  be  then  closed,  and  a  connection  with  the  outside  air  opened,  90 
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as  to  permit  the  indosed  steam  to  escape,  while  at  the  same  time  steam 
is  admitted  to  the  other  end  of  the  cylinder  and  the  operation  is 
repeated. 

564.  In  this  we  have  a  steam-engine  of  the  simplest  type,  which  was 
also  the  earliest  type,  and  an  indicator-diagram 
of  such  an  engine,  if  it  worked  perfectly  (which  t 
it  would  not  be  likely  to  do  at  very  high  speed), 
would  resemble  Fig.  121.  The  boiler,  being 
constantly  generating  steam,  may  be  considered  ^ 
as.  for  the  time  being,  a  reservoir  of  infinite  ^ 
volume,  and  the  expansion  of  the  steam  to  fill 
the  cylinder  will  not  reduce  its  pressure.  Con- 
sequently, the  cylinder  pressure  throughout  the  ^®*  "'• 
stroke  will  be  equal  to  the  boiler  pressure,  and  the  diagram  will  be  a 
rectangle,  in  which  the  foot-pounds  of  work  done  will  be  represented 
by  stroke  in  ft,  x  area  of  piston  in  sq,  ins.  x  boiler  pressure  in  lbs,  per 
sq.  in.  The  efficiency  of  even  so  crude  an  engine  as  this  is  considerably 
over  three  fourths  of  what  is  actually  realized  in  fair  average  practice, 
and  fully  as  much  as  is  realized  under  unfavorable  conditions,  and  may 
be  determined  thus : 

965.  A  17  X  24  in.  cylinder  has  a  capacity  of  3.1525  cu.  ft.,  and  will  hold 
almost  precisely  one  pound  of  live  steam  at  a  pressure  of  126  lbs.  per  sq.  in. 
aboye  the  atmosphere — an  ordinary  working  pressure.  The  work  done  by  this 
steam,  in  foot-pounds,  if  there  be  no  loss  by  condensation  or  other  disturbing 
cause,  will  be 

— '"  X  126  lbs.  X  2  ft.  =  57,200  ft. -lbs. 
4 

Dividing  this  amount  of  work  by  the  mechanical  equivalent  of  heat,  we  obtain 
as  the  useful  work  which  ought  to  be  realized  if  there  were  no  losses  by  back 
pressure  of  steam,  condensation,  or  otherwise, 

57.200  _  ..^  ^  H   IT 
=  74*00  H.  u. 

772  '^  ^ 

In  addition  to  this  useful  work  the  steam  has,  in  a  non-condensing  engine, 
done  this  work  against  the  pressure  of  the  atmosphere  on  the  opposite  side  of 
the  piston,  amounting  to  nearly  15  lbs.  per  sq.  in.,  or  about  11.2  per  cent  of  the 
useful  pressure.  Computed  to  include  work  done  against  this  pressure,  most 
of  which  is  avoided  in  marine  and  other  condensing  engines,  the  total  work 
done  is  equivalent  to  7409  X  1.112  =  82.91  H.  U. 

Now  the  total  heat  in  this  quantity  of  steam  is  (Table  143)  1221  H.  U.,  so 
Chat  all  that  is  utilised  is  : 


1  )k.k.ui 
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CutHng  off  at  Fuii  Stroke. 

In  a  perfect  non-condensing  engine,  In  a  perfect  condensing  engine, 

74.09      ,  82.9      ^ 

=  6.07  per  cent.  — -  =  6.70  per  cent 

1221  '^  1211 

Practically  even  this  result  is  7  or  8  per  cent  too  great,  owing  to  the  steam 
wasted  to  fill  the  passages  between  the  valye  and  the  piston,  which  does  ao 
work  whatever  unless  the  steam  is  expanded  after  being  cut  oflf. 

566i  There  being  33,000  X  60  =  1,980,000  ft  lbs.  in  a  horse-power  per 
hour,  we  shall  have  to  use,  in  order  to  develop  a  horse-power  per  hour  withao 
engine  worked  in  this  way, 

1,980,000  _    ,.        , 

—2 =  34.62  lbs.  of  steam. 

57,200        -^ 

And  if  we  had  a  boiler  able  to  utilize  the  full  evaporative  efficiency  of  ftirly 
good  coal,  instead  of  only  one  half  to  three  fourths  of  it,  we  should  reqnire 

34  62 

^-^ —  =  2.87  lbs.  of  coal  to  obtain  one  horse-power  per  honr. 

12.07  "^  ^ 

567.  Only  under  the  most  favorable  possible  circumstances  for  ob- 
taining the  last  degree  of  efficiency  out  of  the  locomotive  is  it  possible 
to  obtain  a  horse-power  per  hour  with  2.87  lbs.  of  coal,  or  with  less  than 
25  lbs.  of  steam.  Ordinarily  in  fact,  even  on  long  up  grades  which 
afford  the  most  favorable  localities  for  the  economical  working  of  the 
locomotive,  something  like  30  lbs.  per  horse-power  is  used  (see  Table 
146).  With  ordinary  evaporation  of  6  to  8  lbs.  of  water  per  pound  of 
coal  from  4  to  6  lbs.  of  coal  per  horse-power  per  hour  are  required,  and 
this  is  about  what  is  ordinarily  obtained  from  locomotives,  the  very 
finest  marine  engines  running  down  to  1.3  to  1.5  lbs. 

568.  Many  engines  in  times  past  have  been,  and  in  fact  still  are,  run 
at  nearly  full  stroke,  as  notably  high-pressure  engines  on  Mississippi 
River  steamboats.  In  the  locomotive  this  is  occasionally  done,  but 
usually  the  steam  is  permitted  to  expand  through  about  half  the  stroke. 
The  theoretical  gain  from  doing  thfs  is  large,  but  the  practical  gain 
small — so  small  that  nearly  all  that  is  gained  by  it  is  to  neutralize  the 
various  practical  obstacles  to  realizing  the  full  theoretical  work  of  steam 
at  full  stroke, 

569.  A  theoretically  perfect  condensing  steam-engine  and  boiler  re(|nires 
only  \  lb.  per  H.  P.  per  hour  of  coal,  and  some  8  lbs.  of  water,  at  a  boOer 
pressure  of  120  lbs.  per  sq.  in.,  utilizing  a  scant  26  per  cent  of  the  energy  in  tiie 
coal.    A  theoretically  perfect  non-condensing  engine  utilizes  16.9  per  cent 

570.  The  very  best  ever  claimed  to  have  been  realized  with  locomotives  if 
in  the  paper  by  Mr.  Wm.  Stroudley  before  referred  to  (par.  550),  where  it  is  stated 
that  in  a  trip  oi  50.4  miles  at  43.3  miles  per  hour  the  average  ooal  consumpcwo 
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{cxchalTe  of  coal  for  g«(ling  up  steatn,  which  is  about  3  lbs.  per  mile  ran)  was 
■4.87  lbs.  per  mile,  and  the  average  horse-power  developed  52B.53  {see  Fig, 
193).  This  amonncs  to  producing  a  horse-power  with  1.04  lbs.  of  coal  per  hour 
— ft  result  which  has  been  approached  elsewhere  under  Ihe  most  favorable  con- 
dition*, but  when  alleged  as  the  result  oE  an  ordinary  service  run  over  undu- 
lUiaC  grades  it  ii  all  but  certain  that  its  remarkably  favorable  result  is  largely 
doe  to  serioui  erron  in  the  record  ;  in  gieal  part  probably  originating  in  the 
sboftness  of  the  run,  in  which  only  some  lioo  lbs.  of  coal  is  alleged  to  have 
been  burned,  or  l.a  cu.  ft.  per  square  foot  of  grate.  The  same  allowance  must 
be  made  for  the  alleged  rate  of  evaporation,  11. 6  to  11,6  lbs.  per  pound  of  coal, 
whicb,  it  is  risking  little  to  say,  is  from  10  to  30  per  cent  beyond  the  limits  of 
phjalcal  pouibilily,  in  view  of  the  (act  that  the  gaies  in  the  smoke-box  B««m 
9o  have  bad  a  temperature  of  600*  Fahr. 

571.  A  far  better  index  of  average  practical  result)  is  that  ^ven  In  Tablet 


■n  LocOKcmva,  bv  Iohii  W.  Hnx,  MJL, 

[Ttac BbtelMC repmeat  Ibe  iatemli  between  lodicator-dugruni.  whicb  were  taken  ins* 
onick  soecailoD  u  powible  (40  ia  15  mile*,  or  ih.  itai.)  uid  not  miles.] 

The  mean  eSecuve  preanire  mav  be  coosldered  u  the  equiTilcoL  of  ibe  tnctlTC  power, 
whicb  iboald  tbeorcikillT  fall  iDinedlatelT  to  lero  oc  uiUdnK  ibe  dowo  Knde.  if  ihe  Tctacity 
*crc  to  rcnaia  the  ume,  but  imtead  of  tUs  was  malauined  ibout  Lha  ume  for  Hme  diuuce, 
wfth  the  cHeet  of  greatlr  iacieaiiac  the  qiccd  and  bone-power. 

146  and  147.  where  from  4i  'o  54  llw-  of  ^°^  P=r  horse-power  per  hour  were 
reqtiircd,  risiDg,  when  comliuitioa  was  lo  forced  a*  to  expel  uoconsiuned  coal 
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Fig.  193. — ^BacPBaiMBm  on  thk  Lomdoi, 

Express  Passensrer  Engine,  x?^'  X  96"  cjrlinden.  6  ft.  6  in.  driTen.  Mean  weight,  67.1 
long  tons,  including  tender;  31.14  tons  on  drivers.  Weight  of  en^ne  and  33  carriages,  ^35.7 
tons.  A  verag*  0/  Whale  Run :  Speed,  43.3  milea  per  hour ;  indicated  horse-power,  5H.S3; 
tractive  power,  4477  lbs.;  maximum  power,  11,590  lbs.;  coal  per  mile,  a4.87  Iba. 

from  the  smoke-stack  (as  it  often  is  in  practice),  to  over  7  lbs.  Fig.  122  shows 
the  fluctuations  of  speed  and  tractive  power  during  a  part  of  this  run  in  a  som^ 
what  similar  manner  to  Fig.  123. 

Table  146. 

Tests  of  a  Baldwin  i6  X  24  in.  American  Enoims  in  Express  Freight 

Service. 

[Deduced  from  Records  of  Tests  by  John  W.  Hill,  M.  B.,  Jour.  Fnuk.  but.,  April-Majr,  187^ 

For  details  of  engine  and  train,  tee  below.] 
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Apparent  evaporation,  actual 

"  **    less  5  p.  c.  primage 

Equivalent  from  and  at  212* 

Actual  evap.  (less  primage)  per  sq.  ft. 
of  heating  surface,  per  hour 

Coal  burned  per  sq.  ft.  of  grate,  per 
hour 

Evap'n  from  and  at  212**  per  hour. . . . 

Estimating  coal  burned  per  sq.  ft.  of 
grate  per  hour  with  natural  draft  at 
25  lbs.,  and  one  horse-power  =  15 
sq.  ft.,  we  have,  for  such  an  engine 
as  above,  for  a 

Heating  surface  per  H.  P.  of 

Ratio  of  effect  of  blast  (  coal  burned... . 
to    natural    draft,  •< 
comparing  by (  heating  surface 


Cincinnati 

to 
Hamilton. 

Hamilton 

to 

Twin  Creek. 

TwinCredc 

to 

Dayton. 

Iba. 

7.44 
7.07 
8.36 

Iba. 
4.75 
4.51 
5-34 

lbs. 

6.55 
6.22 

7.30 

9.96 

13.  OX 

12.24 

83.9 
10,586 

172.0 
13.856 

XI7.3 
12,9X8 

•q.ft. 

•ilift 

•Qifti 

3.24 

«-57 

S.6I 

3.36 

4.34 

4.04 

3.3a 

4.33 

4>o8 
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Bm4»iitow  a  South  Coast  Railway. 

S^d  in  miles  per  hour  is  indicated  by  the  fiffuret  at  the  top  of  the  diagram  and  by  the 
hcaTT  •olid  line.  Horu-pcmtr  is  indicated  by  the  dotted  line  made  of  poinu.  Tractive  /ore* 
is  indicated  by  the  light-dotted  line.  The  dotted  lines  along  the  base  show  where  diagrams 
tiUten,  49  in  all.    The  three  arrow-heads  at  the  left  indicate  stops. 


Table  146. — Continued, 

Engine  Performance, 


Miles  run  

Speed,  miles  per  hour 

Mean  boiler  pressure 

••      initial       **         

••     cut-off 

"     effective  pressure 

Grade  of  expansion,  incl.  clearance.. . 

Distribution  of  Power: 


Indicated  H.  P 

Power  absorbed  by  engine  only  above 

all  resistances 

Gross  load 

Extra  friction  due  to  load  (5  p.  c.  of 

gross  load) 

Power  expended  in  moving  train 

Per  cent  of  total  power  absorbed  by 

engine. 

Cost  of  Power: 

Steam  per  hour  to  engines 

Steam  accounted  for  by  diagrams  .... 

Per  cent  of  do 

Steam  per  I.  H.  P.  from  boiler 

diagrams 

Coal  per  I.  H.  P.,  actual 

at  I  to  9  evap*n . . . 


•« 


<« 


4< 


24.7 
17.23 

122.0  lbs. 

98.5  " 

.53 
65.0  lbs. 

2.0 

H.  P. 
291.9 

33.4 
258.5 

12.9 
245.6 

15.86 

lbs. 

9*424-6 
8,017.2 

85.0 

32.3 

27.5 
4.24 

3.59 


15.87 

22.67 
124.0  lbs. 
107.     *• 

.515 
64.2  lbs. 
2.09 

H.  P. 

368.7 

41.3 
327 -4 

16.4 
311. o 

15.63 

lbs. 

12,312 

9.883 
80.3 

33.4 
26.9 
7.03 

3.71 


16.267 
23.0 

123.0  lbs. 
105.5  •' 

•52 
63.2  lbs. 
2.03 

H.  P. 

388.5 


44-3 
344-2 

17.2 
327.0 

15.82 

lbs. 

12.415 
10,324 

83. 

32- 

26, 

5- 


2 
o 
6 
36 

3.55 


These  tests  are  perhaps  as  fairly  representative  of  every-day  American  practice  as  any 
whidi  exist.    See  details  on  following  page  and  Table  147. 
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Details  of  Engine  and  Train  for  Tables  146,  147. 

Baldwin  American  engine,  x6  x  24  in.  qrlinderSi  6z  in.  driven,  15.99  sq.  ft.  grate  am, 
898.7  total  heating  surface. 

Weight  on  drivers,  441840 ;  trucks,  37,380  ;  total,  72,330  lbs. 
Weight  of  tender,  empty,  33,480 lbs.;  load,  34,000  lbs. 

Train,  35  loaded  box  cars  and  caboose,  weighing 783.94  tons. 

Average  of  engine  and  tender 55-73    " 

Total  weight  of  train 83^66  tons. 

Engine  in  ordinary  working  order,  out  of  shop  33  months  (55,47X  miles),  Pittsburg  Na 
3  coal.     Date  of  tests,  July  38,  1878. 

Evaporation  per  sq.  ft.  of  fire-box  surface,  a«suming  60  per  cent  of  the  em^poratioo  to 
have  been  from  that  surface,  93.53  lbs.  per  hour. 

Friction  of  engine  was  determined  by  series  of  indicator-diagrams  at  each  qteed, 
averaging  15.8  per  cent  (including  the  allowance  of  5  per  cent  for  extra  work  due  to  kMd, 
which  is  probably  too  large),  while  the  weight  of  the  engine  was  only  6.65  per  cent  of  the 
total.  This  work,  however,  includes  atmospheric  head  reststanoe  as  well  as  rolling  and 
internal  friction. 

572.  A  more  reasonable  presentation  of  what  may  fairly  be  expected  from 
locomotives  under  the  most  favorable  working  conditions  for  developing  power 
economically  is  given  in  a  paper  on  "  The  Consumption  of  Fuel  in  Locomo- 
tives,"  read  before  the  Institution  of  Mechanical  Engineers,  by  M.  Georges 
Mari6,  engineer  of  the  Paris  &  Lyons  Railway,  of  France.  In  these  tests  a 
powerful  locomotive  (21^  X  26  in.  cylinders,  eight  4  ft.  if  in.  drivers,  carrying 
some  100.000  lbs.;  exact  figures  not  given)  was  loaded  with  a  light  train  of 
167. S  to  183.2  tons,  and  run  up  a  long  grade  on  the  Mont  Cenis  line,  rising 
1709  ft.  in  i7i  miles,  or  about  a  two  per  cent  average  grade  (the  maximam  being 
2.84  per  cent),  in  one  hour.  The  total  tax  on  the  adhesion  on  such  a  grade  was 
only  some  65  lbs.  per  ton  maximum  and  46  lbs.  average,  or  a  total  average 
traction  of  some  8000  lbs.  With  so  light  a  load  it  was  possible  to  cut  off  at  one- 
fifth  stroke.  The  author's  conclusions  from  the  tests  are  that  with  a  good  loco- 
motive and  a  good  driver  the  consumption  of  fuel  and  water  it  as  follows : 

Consumption  of  fuel  per  efifective  horse-power  per  hour. .  3.27  Ibi. 

Consumption  of  fuel  per  indicated  horse- power  per  hour. .  2.88  Ibi. 

Ratio  of  consumption  of  water  to  consumption  of  fuel....  8.88 

Ratio  of  dry  steam  produced  to  fuel  consumed 8.0S 

These  satisfactory  results  are  attributed  to  the  following  canses :  "(i)  The 
total  heating  surface  of  the  boiler  is  very  large  compared  to  the  grate  surface,— 
96  to  i,~so  that  the  boiler  absorbs  the  heat  of  the  gaaea  very  completely: 
^2)  the  cylinders  of  the  locomotive  are  very  large, — according  to  the  late  M. 
Maria's  system,— so  that  the  grade  of  expansion  is  high;  (3)  the  locomotive 
was  very  well  looked  after,  which  is  an  important  point  in  econoiny  of  fuel.' 


•I 


CHAP.  XI.—LOCOMOTJVE-^CYLINDER  POWER.  465 


Table  147. 

Dbtails  as  to  thb  Resistances  of  Engine  and  Train  in  the  Tests 

Abstracted  in  the  Preceding  Table. 


la  three  nins  of 

At  ipccds  in  ailet  per  boor  of. 


Tlw  •▼erage  indicated  H.  P.,  a>  determined  by  the  average 
of  cards  taken  on  both  tides  of  the  engine  simuUa- 
neousljr  at  intervals  of  two  minutes,  was  

entire  weight  of  the  train  having  been,  engine,  55.73  -f 

i  7Sa.94  =  838.66  tons,  we  may  compute  from  the 

above  dau  that  the  average  tractive  eoergy  of  the 

loconouve  (including  iu  own  internal  f ricuon)  was 


C.  to  H.  H.  to  T.  C.     T.  C.  to  D. 

94.7  miles.  15.87  miles.  16.37  miles. 

17.33  33.67  23.0 

Average  of— 
40  cards.   so  cards.   si  cards. 

/  I.      H.      P.         ■  N 

391,9  368.7  388.5 


-lbs.- 


Bqual,  average  of  entire  train 

Of  the  above  H.  P..  however,  it  was  determined  by  actual 
trial  that  the  indicated  H.  P.  necessary  to  move  the 
engine  alone  at  the  given  speeds  was 

Aad  it  was  estimated  that  when  the  engine  was  working 
bard  there  was  a  further  addition  to  its  internal 
friction  of  5  per  cent  loss  on  work  done,  = 

Making  total  H.  P.  absorbed  within  engine 

Dcdocting  this  from  the  work  done,  and  deducting  engine 
from  weight  of  train,  we  find  the  average  traction 
exerted  »n  tkt  train  was 

L«aTin^  as  the  power  required  to  propel  the  engine  itself, 
without  load 

Add  ettimated  addition  to  engine  resistance  when  work> 
iog  hard  (5  p.  c.) 

Total  continuous  force  in  lbs.  to  move  eng.  itself. 

Or  in  lbs.  per  ton  of  engine  and  tender: 

Locomotive  without  load 

Increase  due  to  load 


6.346  6.097  6.334 

t lbs.  per  ton  > 

7-57  7  37  7.55 

4 — I.  H.  P.,  engine  only-^-» 
33-4  4»-3  44-3 


13.9 


16.4 


17. 


46.3  57-7  6X.5 

/  lbs.  per  ton— — V 

6.83  6.57  6.7S 

, Total  lbs. . 

737.  683.  783. 


381. 


373. 


880. 


t008.  955.  I0O3. 

lbs.  per  ton- 


Total  locomotive  resistance . 


X3.04 
5.06 

x8.io 


AMuming  the  effective  end-area  of  the  engine  for  air  re- 
sistance to  be  100  sq.  ft.,  and  air  resistance  to  be 
y^  lb.  per  sq.  ft.,  at  xo  miles  per  hour,  we  have  for 
air  head  resistance  only 

as  the  tractive  and  internal  resistance  of  the 
engine  without  load 


In  round  figures,  we  may  deduce  from  the  preceding,  for 
locomotive  resistances  in  lbs.  per  ton,  of  engines 
of  the  American  type  (in  which  head-resistance 
would  be  a  larger  proportion  than  in  more  powerful 
engines) 


148 


579 


18. 36 
4.87 

«7->3 


-Total  lbs.- 
a57 


13.96 

504 

X8.00' 


365 


4*6  457 

Lbs.  per  ton  of  eng. 

Atmospheric 3.0 

Roiling  friction,  light ...  5.0 

Internal    "  "     ...  5.0 

increase 

due  to  load 5.0 


Total 18.0 

average  of  the  train  behind  engine  is,  say 6. 75 


Excess  of  engine  resistance,  lbs.  per  ton  of  engine n  .35 

Tlus  engine  excess,  when  distributed  through  the  entire  train  (of  35  loaded  cars)  makes  a  differ- 
ence, as  shown  above,  of  only  (average,  o.  74,  o. 70,  o. 77),  say J4  lb.  per  ton . 


30 
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Reference  U  aUo  made  in  [he  tainc  paper  to  h 
M.  Regray,  Cbief  Engineer  of  the  Eaiiem  Railway  of  France,  o 
of  fuel  in  express  engine*  hauling  exprets  train*,  ibowlng  3,01  Iba.  per  iodi- 
eaied  horse-power  as  an  average,  and  3.48  Iba.  ai  the  minimnin.  Tbeae  Mdt- 
factory  resulu  are  claimed  by  the  author  to  be  due  in  large  put  to  the  Die  of 
large  heating  surfaces  and  large  cylinden  :  he  always  built  his  own  locnaio 
lives  by  that  rule. 

573>  The  present  tendency  in  this  conotry,  bowcTcr,  I*  not  by  any  omm* 
toward  the  use  of  Urge  cylinders,  but  rather  toward  heavier  engioM  aad  bail^ 
for  the  same  cylinders.     The  comparison  given  in  Table  148  showi  iHa  mf 

Table  I4S.  • 

Increase  in  Totu.  Wught  or  Eitciins  ratoto  TUB  SAMl-sm» 
Cylindbks. 
BaldwiH  Laeamttivt   Wtrkt, 


CTliodcim. 

WiioHT  iH  Wd»iho  Oimn.    ■-hbLO. 

Cuti  OF  Eacin. 

OpDn™. 

OnTrqek. 

TooiL 

-.. 

■B6, 

loe. 

Vj. 

-u. 

loe. 

'Tl. 

■M. 

lac 

American 

16  X   34 

17  X    34 

16  X    2-1 

17  X   34 
IS  X   24 
19  X   24 

so    X    34 

42 

S' 

61 
87 

46 
S4 

95 

4 
7 
3 

I 

S 

S3 
35 

16 
iS 

»9 

30 

16 

IS 

18 
»l 
44 

34 
13 

65 

TO 
«7 
7* 

1? 

96 

So 

I 

l» 

Consolidation 

« 
■1 
IJ 
U 

VtA*. 

T0T«.  W«»KT  »  Pom.-..               1 

.6-X«"     i      .r-XM" 

.r-xv 

1871 

1880 

'88s 

6S.15O 
67.630 
84.850 

70.100 

75.MS 
91.7SO 

io$,700 

Mcgul  Engine..                                  1 

;SK:::::: 

i3Bo 

1S85 

65.  ISO 

70,100 
77.010 

Bl.fl70 

J   94.8SO 
1  "3.700 
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Table  148. — Continued. 

Taunton  Locomotive    Works. 


16"  X  34"  Cylinders. 

17"  X  94"  Cyundbrs. 

Year.            Weight— Lbs. 

Year. 

Weight— Lbi. 

I848» 

i857t 

1859+ 

x86ot 

1861 

1880 

1883 

1884 

50.000* 

58,ooot 

52.ooof 

54.ooot 

62.400 

70,000 

82,000 

83,000 

l850» 

1857 

1865 

1882 

1883 

1884 

1885 

57.000* 

67,700 

67,000 

78,400 

80.000 

90,000 

91,000 

•i6"x  ao'cylinden. 
tif'xaa" 

•  17"  X  ao"  cylinders. 

See  also  Tables  laT-ija 

Most  of  the  striking  change  shown  in  this  table  is  accounted  for  by  the  gradual  iB« 
in  boiler  pressure  carried.    See  par.  605. 


VitS 


strikingly.  After  allowing  its  full  weight  to  the  efifect  of  the  increase  in  boiler 
presstire  carried,  it  is  clear  that  there  is  no  tendency  toward  using  larger  cylin- 
der! for  the  sake  of  being  able  to  cut  ofif  earlier. 

THE  THEORETICAL  GAIN  BY   EXPANSION. 

574*  Under  "  Mariotte's  Law"  (given  in  any  text-book  on  physics)  the  vol- 
ume of  a  gas  is  inversely  as  the  pressure,  so  that  if 
the  gas  has  expanded  into  twice  the  volume  it  exerts 
half  the  pressure,  etc 

In  ''cutting ofif "  steam  at  some  point  in  the  stroke, 
say  half-  or  quarter-stroke,  the  steam  in  the  cylinder 
expands  according  to  this  law  (theoretically),  and 
thus  continues  to  push  the  piston  before  it  with  a 
gradually  decreasing  pressure  as  the  interior  volume 
increases,  until  at  the  end  of  the  stroke  the  pressure 
is  (or  ought  to  be,  with  a  perfect  gas)  just  half  or  a 
quarter  of  the  initial  boiler  pressure.  A  perfect 
indicator-diagram  of  such  a  stroke  would  have  the 
form  of  Figs.  124,  125,  the  bounding  curve  being  a 
hyperbola,  as  in  Fig.  97.  The  shaded  portion  in 
these  cuts  represents  what  is  gained  by  expansion, 
or  oueht  to  be. 

575.  But  steam  is  not  afifected  in  precisely  the 
June  way  as  a  perfect  gas  by  changes  of  pressure  and  volume;  and,  moreover. 


Fig.  Z34. 


Fig.  I9S.— Thb  Ratio  op  thb 
Shaded  Portion  to  thb 
Umshadbd  Rbctanglb  im- 

DICATBi  THB  ThBOBBTICAL 

Gain  by  Expansion. 
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Table  149. 

Thkoretical  EFFiasNCT  OF  Steam,  Expanded  in  Non-conducting 
Cylinders,  involving  no  Waste  of  Heat. 

[Rearranged  from  "  Steam  Using,  or  Steam-Bngine  Prutke,**  by  Prof.  Chas.  A.  Smitb.] 
Boiler  pressure  assumed  at  zao  lbs.  per  sq.  In.  above  atmosphere. 


Theoret.  Pounds 

Theoret.  Gain 

Mkan  Bffbctivb 

1 

Steam  Per 

bv  Expansion. 
Full  Stroke 

Pkbssvbb  put  Sq.  In. 

GainPtt 

Cutoff. 

Horse-power 

Centb7 

Per  Hour  (xao  lbs. 

sx  X.00 

Non-con- 

Condens- 

Condensmf. 

over  Atmos.) 

(absolute  press.) 

densing. 

ing. 

Full  Stroke. . 

31.3 

1. 000 

119 

131 

10. 1 

23.8 

1.285 

"5 

127 

10.4 

21  4 

1.459 

107 

119 

II. 2 

18.8 

1.666 

96 

108 

12.5 

16.4 

1.905 

81 

93 

14.3 

15-4 

2.278 

60.7 

72.7 

19. S 

II. 0 

2.854 

32.1 

44.1 

37.4 

A        "    •• 

10.3 

3.034 

35.0 

37.0 

43.0 

A        "    •• 

8.8 

3-547 

7.9 

19.9 

151. 3 

A        "    •• 

8.2 

3.835 

1.3 

13.3 

923 

The  mean  effective  pressure  is  computed  by  assuming  a  minimum  back  press'jre  of 
1.3  lbs.  per  sq.  in.  above  the  atmosphere  in  non-condensing  engines,  and  a  miaimua 
back  pressure  of  4  lbs.  (or  X2  lbs.  gain  by  condensing)  in  condensing^  engines. 


Table  160. 

Theoretical  Economy  of  Steam  from  carrying  higher  Boiler 

Pressures. 

[Abstracted  from  '*  Steam  Using,  or  Steam-Engine  Practice,"  by  the  late  Prof.  Chai.  A.  SmitLj 


Prrssurb 

ABOVE  AtMOS- 

FHRKR,  Pounds 

Pounds  or  Dry  Stbam,  if  Worked  in  a  Pkrfbcti.v  Non-conducting  Cix»- 
DBR  Pbr  Total  Horsb-powbr  Paa  Hotm,  wrm  CuTK>pr  at— 

Pbr  Sy.  In. 

Full  Stroke. 

M  Stroke. 

^Stroke. 

S4  Stroke. 

ASm)ke. 

0 

35-7 

33-7 

32.5 

31-7 
30.9 

30.5 
30.2 

24.9 
23.6 

22.7 

22.2 

21.6 

21.4 
21. 1 

21.4 
8O.3 

19.5 
19.0 
18.5 
18.3 
18. 1 

15.7 

14.9 

»4.3 
13.9 

13.6 

13.4 

13.3 

II.7 
II. I 

20. . . , 

60 

10.7 
10.4 

10. s 

ICO 

140 

180 

10  I 

^tmmXJ*         ....... 

lO.O 

Per   cent    of 
Economy     be- 
tween   20   and 
220  lbs.  Press. 

) 

>  II.6  p.  c. 

II. 7  p.  c. 

12.2  p.  C. 

12 .op.  C. 

ii.op.  c 
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its  expansion  in  the  cylinder  means  the  doing  of  work, — which  means  loss  of 
beat*— which  means  loss  of  pressure, — which  means  a  reduction  in  the  work 
done;  so  that  the  true  curve  which  should  bound  a  theoretical  diagram  (which 
was  called  by  Prof.  Rankine  an  *'adiabatic"  curve)  and  the  precise  theoretical 
gain  which  should  result  from  expansion  is  all  but  incapable  of  rigorous  an- 
alysis. It  has  been  shown  that  there  is  little  error  of  practical  moment  in  as- 
suming that  the  steam  expands  in  accordance  with  Mariotte's  law,  and  it  is  laid 
tlowo  that  it  does  so,  without  qualification,  in  some  popular  text-books;  but  we 
may  as  well  use  the  correct  theoretical  quantities,  as  given  in  Prof.  Chas.  A. 
Smith's  "Steam  Using,  or  Steam  Engine  Practice,'*  by  whom  they  were  Care- 
fully determined  from  a  large  diagram.  According  to  these  figures,  if  we  can 
conceive  of  a  non-conducting  cylinder  we  obtain  the  following  figures,  abbrevi* 
ated  from  Table  149.  The  boiler  pressure  assumed  is  120  lbs.  per  square  inch 
above  the  atmosphere,  but  the  results  are  but  little  affected  by  the  initial  boiler 
fvessure,  as  will  be  evident  from  Table  150 : 

576.  If  steam  be  cut  ofif  at 

Full  stroke,    f  |  ^  |  }  ^ 

The  theoretical  gain  by  expansion  (Table  149)  is  as 

I. 000        1.385        1.459        1.666        1.905        3.278       3.854 
Whereas  by  Mariotte's  law  it  is  somewhat  less,  viz. : 

I. 000        I. 261        1.425        I. 616        1.837        3.139       2.5TI 
The  theoretical  pounds  of  steam  required,  per  horse-power  per  hour,  are 

31.3  23.8  21.4  18.8  16.4  15.4         II. o 

And  the  mean  effective  pressure  in  pounds  per  square  inch,  allowing  a  certain 
minimum  of  i  (1.3)  lb.  per  square  inch  for  unavoidable  back  pressure,  should  be 

119.  115.  107.  96.  91.  60.7         32.1 

In  a  condensing  engine  the  mean  effective  pressure  should  be  some  12  lbs. 
more  than  this  in  each  case,  representing  the  gain  by  the  additional  complication 
of  the  condensing  apparatus. 

577*  The  locomotive  engine  is  run,  as  an  average,  cutting  off  at  half-stroke; 
it  is  rarely  possible  to  cutoff  at  less  than  quarter  stroke  (6  inches,  with  a  24-inch 
cylinder)  or  at  more  than  seven-eighths  stroke.  The  maximum  gain,  therefore, 
which  it  ought  in  theory  to  result  from  expansion  is  only  some  67  per  cent,  and 
if  we  had  an  engine  so  perfect  that  it  could  utilize  without  loss  of  heat  the  entire, 
expansive  energy  of  the  steam,  so  as  to  discharge  it  into  the  air  at  atmospheric 
pressure,  it  will  be  seen  (Table  149)  that  the  utmost  possible  economy  would  be 
about  four  times  that  of  using  steam  at  full  stroke;  so  that  at  best  only  some  82 
X  4  =  328  heat-units  out  of  11 59.  or  28.3  percent,  could  be  utilized.  The  utmost 
that  is  actually  realized  in  the  very  finest  marine  engines  burning  1.3  to  1.5 
lbs.  of  coal  per  horse-power  per  hour  is  some  16  or  18  per  cent  of  the  heat  put 
into  the  steam,  which  is  perhaps  three  fourths  of  that  which  comes  out  of  the 
coal. 
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578i  Such  engines  as  we  have  been  discnssing,  which  wonld  give  a  diagna 
similar  to  Figs.  124,  125,  are  practically  ont  of  the  question.  It  is  impossibk 
to  admit  a  full  pressure  of  steam  instantly,  and  it  is  impossible  to  retain  the 
steam  shut  up  within  the  cylinder  until  the  very  end  of  the  stroke  or  lesTc  tk 
opposite  end  entirely  without  resisting  pressure  to  absorb  the  momentum  of  tk 
approaching  piston,  or  the  engine  would  speedily  pound  itself  to  pieces.  The 
valve  is  therefore  given  a  lead  so  that  the  steam  is  admitted  in  front  of  the  pii- 
ton  and  released  from  behind  it  a  little  before  the  end  of  the  stroke,  and  the 
combined  effect  of  the  lead  and  the  LAP  (the  meaning  of  which  is  explained  ia 
any  treatise  on  the  steam-engine)  results  in  giving  to  the  theoretical  diagna 
of  a  high-pressure  steam-engine,  as  actually  worked  in  practice,  the  form  shovi 
in  Figs.  126  to  148,  in  which  the  pressure  does  not  remain  full  during  admis- 
sion, the  expansion  curve  is  not  by  any  means  true,  the  lower  or  exhaust  line 
is  not  by  any  means  at  a  zero  pressure,  and  the  lower  left-hand  comer  is  not 
by  any  means  a  sharp  angle,  as  in  Figs.  124,  195.  but  much  rounded  by  com- 
pression at  the  end  of  the  stroke.  Not  all  of  this  compression  is  lost,  it  is 
true,  since  it  saves  some  of  the  work  done  in  giving  motion  to  the  recipro- 
cating parts  ;  but  how  much  the  theoretical  loss  amounts  to  it  is  needless  to  in- 
quire, for  we  may  now  summarize  the  various  other  and  far  more  imporuot 
sources  of  loss,  and  see  by  the  records  of  experience  what  their  aggregate 
amounts  to. 

579i  The  chief  sources  of  loss  of  cylinder  efficiency  in  the  locomotive 
engine  are  those  numbered  i  to  8  below : 

1.  The  steam  is  wire-drawn,  so  that  its  pressure  in  the  cylinder  is 
never  equal  to  that  of  the  boiler,  and  often  10  and  even  20  lbs.  below  it 

2.  The  steam-ports  are  not  large  enough  to  admit  steam  as  fast  as  tki 
piston  moves,  especially  if  it  be  moving  fast.  Both  of  these  sources  of 
loss  are,  owing  to  the  peculiarities  of  the  link-motion,  more  serious  at 
high  speed  and  with  early  cut-offs,  and  the  last  one  hardly  occurs  at  all 
under  other  circumstances. 

These  two  causes  together  have  so  important  an  effect  on  the  tractive 
power  of  engines  that  they  are  separately  discussed  below  (par.  587). 
Their  effect  is  illustrated  practically  in  nearly  all  the  indicatorHdiagrams 
whfch  follow. 

580.  3.  All  entrained  water  in  the  steam  has  to  be  evaporated;  a  loss, 
however,  more  properly  chargeable  to  defects  of  the  boiler  than  to  the 
cylinder.  M.  Marie  found  in  his  carefully  conducted  experiments  that 
something  over  10  per  cent  of  the  apparent  evaporations  was  really  only 
vapor  carried  along  mechanically  with  the  steam  at  the  same  sensible 
temperature,  350°,  but  un evaporated.  Other  tests  show  3  and  5  per 
cent,  and  some  none,  but  it  is  probably  rarely  less  than  5  per  cent    This 
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that  with  the  half-pound  or  more  of  steam  which  enters  the 
cylinder  at  each  stroke,  from  half  an  ounce  to  an  ounce  of  hot  water  is 
injected  with  it.  The  loss  involved  is  not  simply  the  300°  of  heat  which 
have  been  given  to  the  water,  but  as  soon  as  the  pressure  and  tempera- 
ture fiaU  during  expansion  and  exhaust  this  hot  water  flashes  into  steam, 
absorbing  the  necessary  heat  for  that  purpose  from  the  hotter  walls  of 
the  cylinders,  and  having  all  the  practical  effect  upon  the  temperature  of 
the  walls  of  the  cylinder  of  a  spray  of  cold  water  at  every  stroke. 

681*  4.  A  constant  radiation  of  heat  from  the  metallic  cylinder  (only  a 
part  of  which  is  lagged)  and  its  connected  parts  into  the  surrounding  air, 
ao  that  a  certain  small  fraction  of  the  steam  must  be  condensed  at  each 
stroke  to  supply  this  loss. 

Perhaps  Figs.  126  to  130  are  as  good  direct  evidence  as  any  of  the  very  great 
loss  which  results  from  this  cause.  It  will  be  seen  from  them  that  the  mere 
effect  of  leaving  ofif  the  cover  from  one  end  of  the  cylinder  was  to  make  a  very 
noticeable  redaction  in  the  effective  average  pressure.  It  is  to  be  remembered 
in  comparing  these  two  diagrams  that  this  '*  cover,"  the  removal  of  which 
caused  so  great  a  difference,  is  nothing  but  a  thin  plate  of  metal,  in  direct  metallic 
contact  with  the  cylinder  at  many  points,  and  including  only  a  thin  space  of  dead 
air  between  them.  We  are  not,  therefore,  comparing  a  well-protected  with  a 
badly-protected  cylinder,  but  a  badly-protected  with  a  worse-protected  one. 

It  is  not  probable  that  the  absolute  loss  of  heat,  measured  merely  by  heat- 
nnits,  is  anything  like  as  great  from  the  cylinders  and  connected  parts  as  from 
the  boiler;  but  each  unit  of  heat  subtracted  from  the  boiler  can  be  replaced  by 
another  without  any  indirect  loss,  whereas  after  the  steam  has  once  entered  the 
steam-chest  and  cylinder  the  loss  of  a  few  units  of  heat,  by  reducing  the  pressure, 
means  the  loss  of  much  of  the  efficiency  of  what  heat  is  left. 

582.  5.  Still  more  important  than  direct  external  radiation  is  the  phe- 
nomenon known  as  internal  radiation  into  the  exhaust  steam.  The  steam 
enters  at  120  to  140  lbs.  pressure,  corresponding  to  350®  to  360°  Fahr. 
It  leaves  the  cylinder  at  4  to  7  lbs.  pressure  and  225®  to  230°  Fahr.  In 
entering  it  heats  the  interior  walls  of  the  cylinder,  which  it  finds  at  per- 
haps 250**  Fahr.,  to  nearly  its  own  temperature,  and  some  steam  is  con- 
densed thereby,  reducing  by  so  much  the  pressure  and  the  work  done. 
When  the  exhaust  opens  and  the  temperature  of  the  steam  falls  these 
hot  walls  radiate  their  heat  back  again  into  the  steam,  wasting  it  by  re- 
evaporating  the  vapor  carried  out  in  the  exhaust.  Thus  a  certain  large 
fraction  of  the  heat  passes  through  the  cylinder,  by  a  kind  of  side-path, 
without  really  taking  any  part  in  the  work  done  in  the  cylinder,  as  a 
leaky  flume  might  let  a  portion  of  the  water  past  a  water-wheel  without 
its  doing  any  work  on  it. 
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583t  The  loss  from  this  source  may  amount,  it  is  alleged  by  D.  K.  Clark.* 
to  anywhere  from  ii  to  42  per  cent,  the  latter  only  with  very  short  cut-oSs.  As 
its  amount  increases  (i)  with  the  range  of  temperature  and  (2)  with  the  timeo! 
exposure,  it  is  less  at  high  speeds  or  with  late  cut-ofifs.     Mr.  Clark  adds: 

"  These  results  sufficiently  explain  how  it  happens  that  expansive  working 
in  locomotives,  especially  in  outside  cylinder  engines,  is  in  practice  carried  cu 
to  such  a  limited  extent.  We  have  rarely  found  (1850)  on  the  Caledonian  Rail- 
way— a  line  stocked  with  outside-cylinder  locomotives — that  a  cui-ofif  materially 
less  than  30  per  cent  is  voluntarily  adopted  by  the  engine-drivers.  In  their  own 
words,  they  '  lose  as  much  as  '^ey  gain'  if  they  endeavor  to  work  with  a  sup- 
pression much  less  than  30  pci  cent." 

This  still  (1886)  remains  as  true  for  American  practice  as  when  Mr.  Clark 
first  wrote  it,  except  that  for  30  per  cent  we  should  read  37^  or  perhaps  40  per 
cent.  But  little  gain  results  in  practice  from  cutting  off  shorter,  if  any;  and 
accordingly  the  all  but  universal  rule,  where  parts  of  the  road  are  struck  whid 
require  only  a  light  power,  is  to  throttle  the  steam,  and  reduce  its  initial  pres- 
sure even  so  much  as  one  half  rather  than  attempt  to  cut  off  earlier.  While 
this  practice  is  often  pushed  too  far,  it  is  better  than  attempting  to  cut  ofif  at 
less  than  three-eighths  stroke  or  more,  except  at  very  high  speeds. 

084-  Prof.  Charles  A.  Smith,  who  studied  this  question  with  great  care  as 
respects  stationary  engines,  lays  down  the  approximate  rule,  as  the  average  re- 
sult of  some  49  tests,  that  the  average  loss  may  be  estimated  at  3.6  lbs.  of  ex- 
cess water  (i.e.,  s^x^^m)  per  hour,  per  foot  of  piston  diameter  per  deg.  Fahr. 
difference  of  initial  and  final  temperature.  This  is  on  the  assumption  that  time 
is  so  important  an  element  in  the  amount  of  this  loss  that  the  number  of  strokes 
per  hour  is  unimportant,  which  is  far  from  literally  true.  At  this  rate,  assuming 
an  average  range  of  temperature  of  100°  Fahr.  in  the  cylinder,  there  would  be 
some  500  lbs.  of  steam  per  hour  condensed  internally  in  a  17-in.  cylinder,  and 
some  600  lbs.  in  a  20-in.  cylinder. 

585.  6.  The  back  pressure^  amounting  to  anywhere  from  4  to  7,  or 
even  (in  bad  practice)  10  or  12  lbs,  j)cr  sq.  in.,  or  to  from  2  to  20  per  cent 
of  the  total  power  developed.  It  is  caused  chiefly  (until  compression 
begins  at  the  end  of  the  stroke)  by  the  contraction  of  the  exhaust-nozzles 
to  produce  the  draft  which  keeps  up  the  fires,  but  in  part  by  the  impossi- 
bility of  the  steam  escaping  quickly  enough  without  a  considerable  pres- 
sure to  drive  it  out. 

7.  The  clearance  spaces,  already  alluded  to,  waste  a  considerable 
amount  of  steam,  from  7  to  9  per  cent  when  cutting  off  at  full  stroke, 
but  less  when  cutting  off  short,  since  the  steam  in  the  clearance  spaces 
expands  with  the  rest  and  does  a  certain  amount  of  work  in  that  way. 

*  •*  Manual  for  Mechanical  Engineers,"  p.  880. 
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586.  8.  The  energy  communicated  to  the  piston  and  connected  parts 

during  the  first  half  of  the  stroke,  in  order  to  give  it  a  velocity  of  from 

(stroke         \ 
diam  of  drivers/  ^^  ^^  train,  and  then  surrendered  again  during 

the  last  part  of  the  stroke,  is  in  great  part  lost,  so  far  as  useful  work  is 
concerned.  It  is  expended  on  that  portion  of  the  exhaust  which  is  shut 
up  in  the  cylinder  by  the  preclosure  of  the  valve  and  practically  recon- 
verted into  heat,  by  raising  the  steam  so  shut  up  from  a  pressure  of  per- 
haps 4  lbs.  and  temperature  of  225"*  to  perhaps  120  lbs.  and  350^. 

567.  The  aggr^;ate  effect  of  these  differences  is  to  very  greatly  de- 
crease the  TRACTIVE  FORCE  which  it  is  mechanically  possible  for  the 
locomotive  to  exert  at  the  higher  working  speeds,  but  not  therefore  the 
HORSE-POWER  which  theengine  is  capable  of  exerting,  nor  (within  reason- 
able limits)  the  economy  with  which  that  power  is  obtained.  This  is 
especially  true  of  the  first  two  causes  (par.  579),  which  we  may  now  con- 
sider, in  connection  with  diagrams  which  will  show  more  clearly  the  ex- 
act limits  of  the  effect. 

988.  Under  the  most  favorable  circumstances,  with  the  throttle  wide  open 
and  speed  slow,  the  pressure  in  the  steam-chest  hardly  ever  rises  within  5  lbs. 
of  the  boiler  pressure,  and  this  is  still  further  reduced  when  the  steam  enters 
the  cylinders,  so  that  the  initial  pressure,  with  all  the  assistance  of  compression, 
is  rarely  within  10  lbs.  of  the  boiler  pressure.  When  the  throttle  is  only  partially 
open  (Figs.  127,  128)  or  the  speed  is  very  high,  or  especially  with  both  together, 
there  is  a  still  further  and  great  loss  of  pressure,  often  more  than  one  half.* 
Throttling  is  also  a  very  common  resort  in  preference  to  using  an  earlier  cut-off, 
as  the  engine  runs  more  smoothly  and,  practical  experience  shows,  with  but 
little  more  waste  of  steam. 

589>  In  all  such  reductions  of  initial  pressure  as  those  alluded  to  there  is  a 
certain  theoretical  loss,  but  only  a  small  one.  It  is  greatly  exaggerated  in 
popular  belief  (as  well  as  in  certain  text-books  of  excellent  standing)  by  con- 
fusing a  loss  of  mere  pressure,  or  pounds  of  traction,  with  a  loss  of  energy.  The 
tractive  force  in  pounds  is  undoubtedly  reduced  in  rather  more  than  constant 
ratio  with  the  reduction  of  initial  pressure;  but  then,  if  this  occurs  only  when  a 
larger  tractive  force  is  not  required  or  cannot  be  sustained  by  the  boiler,  this  is 
in  itself  of  no  importance,  and  as  respects  the  amount  of  work  which  can  be 
4one  with  the  same  quantity  of  steam,  it  is  but  very  little  affected  by  the  reduc- 
tion of  pressure,  either  theoretically  or  practically.     Theoretically,  the  amount 

*  On  some  diagrams  taken  on  an  express  passenger  engine  on  the  Philadelphia  & 
Reading  Railroad,  taken  at  65  miles  per  hour,  it  was  found  that  the  average  effective 
pressure  was  actually  less  when  cutting  of!  at  xo  in.  than  when  cutting  off  at  5  in., 
although  the  amount  of  steam  used  was  far  greater. 
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of  steam  required  per  horse-power  per  honr  for  pressures  varying  by  20  lbs.  pn 
square  inch  is — 

Pressure  above  atmosphere,  ...  80  40  60  80  100  120  140 
Lbs.  steam  per  H.  P.  per  hour,  .  .  33.7  39.9  32.5  32.1  31.7  31.3  30.9 
Loss  p.  c.  by  diff.  of  20  lbs 2.43     1.23     1.25     1.26     1.23    1.30 

A  difference  which  in  no  case  is  worth  much  discussion,  unless  without  cop* 
travening  advantage.  Practically  it  has  been  shown  in  many  experiments  cf 
late  years,  and  especially  in  a  remarkable  series  of  experiments  by  Mr.  Dela- 
ford,  engineer-in-chief  of  the  mines  at  Creusot,  France,*  that  '*  the  difference  in 
economy  between  steam  of  no  lbs.  and  steam  of  64  lbs.  is  very  small,  and  when 
we  take  the  generation  of  steam  into  consideration,  as  well  as  its  use,  the  lower 
pressure  is  the  more  economical." 

Similarly,  Mr.  D.  K.  Clark, f  who  is  certainly  one  of  the  most  careful  students 
of  the  theory  and  practice  of  the  locomotive,  concludes  that  "as  the  loss  from 
wire-drawing  is  of  little  or  no  moment,  and  as  wire-drawing  was,  to  sonse  d^ 
gree.  equivalent  to  an  earlier  cut-off,  it  might  even  prove  advantageous  in  point 
of  economy." 

590.  But  wire-drawing  does  very  seriously  reduce  the  tractive  power 
of  engines.  When  it  occurs  only  when  the  speed  rises  considerably 
above  ordinary  working  speeds,  say  28  miles  per  hour  in  freight  engines, 
or  50  miles  per  hour  in  passenger  engines,  this  is  no  great  disadvantage, 
because  such  speeds  are  only  desired  when  the  grades  are  favorable  or 
train  light,  and  much  tractive  power  is  not  required ;  but  when  it  occurs 
to  any  material  extent  with  late  cut-offs  at  ordinary  working  speeds  of  I3 
to  15  miles  per  hour,  it  is  more  objectionable. 

591.  Unfortunately,  exp)eriment  seems  to  indicate  quite  uniformly 
that  it  is  rather  the  rule  than  the  exception  for  freight  engines  to  show  a 
considerable  reduction  in  cylinder  efficiency  even  at  their  lower  working 
speeds,  so  that  speeds  as  low  as  it  is  safe  to  use  without  danger  of  the 
train  being  brought  to  a  stop  by  slight  additional  resistance  from  curves, 
grades,  head  winds,  or  bad  track,  do  cause  a  very  material  decrease  of 
available  average  cylinder  pressure  ;  and  hence  the  engine  cannot  possibly 
utilize  its  available  ultimate  tractive  power — i.e.»  very  nearly  slip  its 
wheels — at  any  practicable  working  speed,  however  low»  although  the 
difference  is  small  compared  with  the  effect  of  further  increase  of  speed. 

592.  That  it  is  so  is  shown,  perhaps,  as  conclusively  as  in  any  other  way,  in 
the  following  diagrams  (Figs.  134  to  139)  of  the  engine  whose  perfonnance  is 

♦  Annates  Industriel^  Feb.,  1885. 

t  "  Manual  for  Mechanical  Elngineen,**  p.  879, 
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scorded  in  Table  146  and  Fig.  123  (par.  571).     The  same  thing  appears  in  the 
iacnrmms  accompanying  Mr.  Stroudley's  paper  (par.  570  and  Fig.  122),  where, 

iTith  a  cut-o£f  of i  i 

iX  a  speed  in  miles  per  hour  of 12  m.  30  m. 

Lnd  sUam^kest  pressure  of 140  lbs.  130  lbs. 

rhe  average  pressure  was 74.8  lbs.  57.2  lbs. 

rhe  liorse>power  being 262  502 

At  12  miles  per  hour,  with  60  per  cent  cut-ofif  and  195  lbs.  steam-chest  pres- 
nfe  (boiler  pressure  full  5  lbs.  more),  the  average  cylinder  pressure  was  95.4 
bs.,  whereas  at  4  miles  per  hour  an  average  of  about  85  per  cent  of  the  boiler 
pressure  was  obtained  in  the  cylinder— about  the  best  which  is  ever  possible. 

993.  That  this  should  occur  at  high  speeds  is  practically  unavoidable, 
^t  that  it  should  occur  at  slow  speeds  of  less  than  15  miles  per  hour  is 
in  no  respect  a  mechanical  necessity,  nor  does  it  require  any  radical 
modification  of  existing  engines  to  cure  it,  whenever  it  appears  desirable, 
tnit  merely  some  slight  modification  of  the  valves.  Some  engines  do  not 
ihow  it,  but  more  do.  The  chief  reason  why  it  is  not  done  is  that  no 
particularly  useful  end  would  be  served  thereby,  since  the  imperfections 
li  the  gradients  and  of  the  locomotive  serve  to  justify  each  other,  by  de- 
itroying  to  a  very  large  extent  the  advantage  of  remedying  one  without 
:he  other.  It  is  important  that  the  true  nature  of  the  difficulty  should  be 
zlearlv  understood. 

594.  The  lai^est  tractive  pulls,  by  far,  on  nearly  all  railways,  are  ex- 
erted in  getting  trains  under  way  from  stopping-places  on  unfavorable 
l^rades  or  curves.  There  are  few  roads  indeed,  and  those  only  having 
irery  heavy  grades,  on  which  the  traction  between  stations  is  the  heaviest. 
So  long  as  this  is  so,  the  need  is  not  felt  that  an  engine  should  be  able  to 
exert  something  like  its  maximum  pull  between  stations  at  fair  working 
speeds,  and  as  a  very  natural  consequence  their  valves  are  not  arranged 
10  that  they  can  do  so. 

Now,  as  a  rule,  a  large  part  of  the  additional  tractive  force  demanded 
at  stations  may  be  saved  by  more  careful  study  of  the  grades  at  stations ; 
but  if  this  be  done,  and  it  be  attempted  to  increase  the  trains  correspond- 
ingly,  the  only  effect  with  very  many  engines  will  be  that  they  will  either 
"  stick  on  the  grades"  or  lose  so  much  time  that  to  utilize  the  improvement 
at  stations  will  be  impracticable.  For  the  same  reason,  if  it  be  endeavored 
to  find  out  where  the  engines  are  really  most  taxed  it  will  often  be  diffi- 
cult to  do  so.  They  slip  their  wheels  most  at  stations,  but  •'  they  have 
all  they  can  do"  to  make  time  on  the  grades ;  so  that  from  the  bare  face 
of  the  statements  there  will  be  little  to  show  where  the  weakest  point  is. 


^-. 
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Fifs^  ia6  to  133  were  Uken  in  some  tests  on  the  Cincinnati,  New  Orleans  &  Texas 
Fftdfic  (Cinrfamati  Southern)  Railway,  from  a  fine  Baldwin  passenger  engine  of  the  f oUow- 
JMT  dimmtions ; 


CyHiMlers ...   18  x  a^  in. 

Drhrcn 68  in. 

^mt«^t  f  0°  driTcra. 6o,ooolb«. 

^««"*'1lotal 9C,ooolkM. 

TracilTe  force  per  jpoond  of  av. 

prcn.  in  crlinder  (Table  151). . .      Z14.4  IkM. 
•m  ■   --    j  AUen-Richardson: 
V«I~.  iLa^^in.;  lead^Ain. 


Port^jexhauii; 
Ezhaost  nozzle . 


z6  X  s|  in. 
z6  X  al  in. 
3iin. 


(  tubes x»3a5«<l-  ft. 

Heating  1  fire-box 133  sq.  ft. 

surface,  j  ^__^_- 

(     Total z,458sq.  ft. 

Grate  area 17  gq.  ft. 


The  train  hauled  consisted  of  8  cars,  weighing  480,000  lbs. 


Pig.  1*9. 


Pig.  Z30. 


Pig.  199.                   1 

Pig.  Z30. 

Boiler  pressure 

Cat-off 

145  lbs. 
8  in. 

i 
53.4  m. 

37.2  lbs. 

583 
32  lbs. 

145  lbs. 
8  in. 

i 
45.0m. 

44.3  lbs. 
608 

22  lbs. 

140  lbs. 
6  in. 

i 
54-6  m. 

32.5  lbs. 

541 
24  lbs. 

135  lbs. 
4  in. 

55.9  «. 
28.0  lbs. 

477 
26  lbs. 

TThrOttlc  ODen. 

Soeeid ........•• 

Av.  cylinder  pressure. . 
Indicated  horse-power. . 
Loss  initial  pressure.. . . 

Figs.  139,  xjo  show  the  same  effect  of  speed  as  Figs.  xa6-i28  very  forcibly,  both  by 

comparison  of  the  full  and  dotted  diagrams  and  (still  more  forcibly)  by  comparing  the 

•olid  diagrams  in  Figs.  128  and  139,  which  may  be  said  to  be  taken  under  precisely 

similar  circumstances  (balancing  difference  in  throttle  against  difference  in  boiler  pressure) 

^xept  that 

Fig.  laS.       Fig.  199. 

Speed  was 09.1  53.4 

Reducing  average  pressure  from 61.8    to      37.3 

Yet  that  this  does  no  real  harm  to  hauling  capacity  is  , 

evident  from  the  fact  that  the  horse-power  at  which 
the  engine  was  working  increased  from 549       to     583 

Comparing  the  solid  Fig.  131  with  the  solid  Fig.  137  we  see  that  the  combined 
effect  of  5  lbs.  higher  boiler  pressure,  4  ins.  longer  cut-off,  and  a  throttle  H  instead  of 
H  open,  gave  only  a  slightly  higher  average  pressure  (6.8  lbs.),  indicating  that  the  slight 
difference  of  a8  mile  per  hour  in  speed  very  largely  counterbalanced  all  these  advantages. 
Fig.  133,  contrasted  with  the  dotted  Fig.  129,  illustrates  a  truth  which  might  be  proved 
in  many  other  ways,  that  after  the  speed  gets  fairly  high  it  does  little  or  no  good  to 
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admit  more  steam  to  the  cylinders.      The  gjeater  average  pressure  which  should  bl 
gained  is  used  up  in  back  pressure  and  wire-drawing.     See  also  Figs.  133-135. 


Fig.  X31. 


Pig.  139. 


Fig.  131. 

Fig.  X33. 

Boiler  pressure 

Cut-off 

145  lbs. 
14  in. 

f 

26.3  m. 

83.3  lbs. 
668 
24  lbs. 

143  lbs. 
14  in. 

\ 

24.3  m. 

81.3  lbs. 

603 
20  lbs. 

141  Ibf. 
II  in. 

\ 
46.9  m. 

37.9  Ibf. 

542 
SO  lbs. 

Throttle  open 

Speed  

Av.  cylinder  pressure. 
Indicated  horsepower 
Loss  initial  pressure.. 

nor  to   indicate  that  the  one  arises  from  excessive  demand  on  the 
tractive  power,  which  is  remediable  only  by  changing  the  grades,  while 

1 148  the  other  is  caused  by  deficiency  of  cylin- 

j         der  power  only,  which  is  remediable  for 
j         the  most  part  by  trivial  changes  in  the 
valves. 
I\       ^\  X  I  595.  By  the  use  of  smaller  driven, 

ri         both  the  cylinder  and  boiler  power  are  in 

•         effect  increased  proportionately,  so  far  as 

I    ^^><^  ^'"*'^>^  I         tractive  power  in  pounds  is  concerned. 

at  the  expense  of  speed  ;  so  we  may  con- 
FiG.  133.  dude,  as  we  began  (par.  483),  by  saying 

Roller  pressure, 148  lbs.  that  within  the  limits  of  necessary  freififht 

Cut-off 10  in.  ,  ^      ^'  .        #        .7, 

Throiiie  open \        spceds    any  tractive    power  is    feasible 

Arcyi.  press..*  \\  \  W    394  »bi».  ^^'h^^h  ^^^  adhesion  betwecn  thc  drivcTS 

("rid?     hfvei      ^"^  ^*^^  ^^  capable  of  transmitting.    At 

Loss  init.  press 44  lbs.  passenger  speeds  it  is  quite  otherwise. 

596.  Passenger  engines,  running  at  speed,  almost  never  need  to  have  tlieir 
ultimate  tractive  power  in  pounds  available,  and  accordingly  we  find  that  they 
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often  fall  in  practice  very  far  below  it;  nor  can  this  be  considered  an  evil.  As 
a  small  reduction  of  speed  means  a  considerable  increase  of  tractive  power,  we 
see  another  reason  beside  the  great  aid  given  by  momentum  (par.  397)  why  the 
practical  limit  to  the  power  of  passenger  engines  is  but  little  affected  by  the 
grades,  within  moderate  limits,  provided  the  average  speed  is  not  brought  too 
low  by  the  necessary  reduction  at  a  few  points. 

597t  Tables  151  and  152  and  Figs.  140  to  148  not  unfairly  represent  the 
average  conditions  of  American  freight  practice.  The  full-line  diagram  in  Fig. 
140  shows  about  the  highest  average  pressure  which  is  ever  practically  realized 
except  in  starting^  and  comes  very  near  to  the  latter  in  the  form  of  the  diagram, 


Table  151. 

Cyunder  Tractive  Power  of  Various  Engines  for  an  Average 
Effective  Pressure  of  too  Lbs.  Per  Square  Inch. 

diam.*  cylinders  x  stroke 


Formula:  7*  = 


diam.  drivers 


X  mean  effective  pressure. 


SiZB 

or  Drivers. 
Inchks. 


48 
50 
52 
54 
56 
58 
60 
62 
64 
66 
68 
70 

72 


16  X  a4 


12,800 

12.288 
II. 815 

11.378 
10.971 

10,593 
10.240 

9.910 

9,600 

9.309 
9035 

8.778 

8.533 


Size  op  Gtundbu. 


X7  X  24 


14.450 
13.872 

13.339 
12,844 

12.386 

12.237 

11,560 

11,187 

10,838 

10,509 

10,200 

9,909 

9,633 


x8  X  94 


16,200 

15,553 

14.954 
14.400 

13,886 

13,407 
12,960 

12,542 
12,150 
11,782 

11,435 
11,109 

10,800 


«9  X  44 


18,050 
17,328 
16.662 
16,044 

15,474 
14,938 
14,440 

13,974 
13,538 
13.128 

12,749 
12,377 
12,033 


ao  X  04 


20,000 
19,200 
18,468 
17,778 
17.143 
16,552 
16,000 

15.484 
15,000 

14.546 
14,118 

13.714 
13.333 


K 


«( 


For  a  Different  Stroke. — For  a  stroke  of  23  instead  of  24  in.,  diminish  the  tabu- 
lar  tractive  force  for  g^iven  diameter  of  cylinder  and  drivers  by  A,  or  multiply  by  \\  (||). 

For  a  26  in.  stroke,  increase  the  tabular  quantity  by  A. 

30  ♦*       ••  "         "        "  ••         "  i  etc 

For  a  Different  Size  of  Drivers.— The  tractive  force  is  inversely  as  the  diameter 
of  the  drivers,  whence  it  may  usually  be  determined  from  the  above  table  by  a  simple  pro- 
portion, or  computed  directly,  as  also  for  a  di£ferent  diameter  of  cylinder. 

One  hundred  pounds  average  pressure  is  as  high  as  can  be  counted  an^  even  in  starting 
from  130  to  140  lbs.  boiler  pressure. 
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Lbs.  per 
sq.  io. 

Boiler  Pr.  139. 

Initial  ''  iia.5 

Back    "•      S.0 

Mean   **    554 


Lba.per 
sq.  in. 

Boiler  Pr.  135. 

Initial  *'    isa.o 

Back     '*      9.6 

Mean   "    48.9 


Fig.  X36. 
38.76  milei  per  hour. 


Lbs.  per 
■q.  in. 

Boiler  Pr.  98. 

Initial  **   78-6 

Back     "     S.8 

Menn    "  33.3 


All  three  of  the  above  dia^rrams  have  the  same  cnt-o£E,  \^    Had  the  full  boiler 
been  as  effective  as  initial  pressure  in  each  diagram,  we  should  have  had— 

Fig.  X34.  Fig,  135.  Fig.  13d. 

Speed  19.8  M.  31.66  M  38.76  M. 

Theoretical  mean  pressure  93.66  lbs.  98.0X  Iba.  71.25  Iba. 

Actual  "  "         55.4  48.9  33.« 


Loss  of  pressure 


38.3 


39.1 


38.0 


but  there  would  not  ordinarily  be  quite  so  great  a  falling  off  in  initial  pressure, 
although  Fig.  144  shows  a  still  greater  one;  the  main  loss  in  both  cases  being  due 
to  cylinder  condensation.  As  this  is  nearly  constant /fr  hour,  it  becomes  a  very 
serious  matter  unless  steam  is  rapidly  passing  through  the  cylinders.     It  will 
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Lbs.  per 
sq.  in. 

Boiler  Pr.  140. 

Initial  "    135.8 

Back     **       i.o 


Mean 


41 


IZZ.7 


Lbs.  per 

sq.  in. 

Boiler  Pr.  130. 
Initial  '*   123.8 
Back     ''       a.  I 
Mean    "    90.6 


Lbs.  per 
sq.  in. 

Boiler  Pr.  132. 

Initial  **    X15. 

Back     '*       1.9 

Mean    **     Ts.a 


3Q,  diagrams  of  16x34  American  Eng^ine,  6i-in.  drivers,  taken  on  the  test  trip 
are  given  in  Table  146-7. 


)nly  71  per  cent  of  the  boiler  pressure  is  realized  in  the  cylinders, 

I  then  it  is  developing  a  fairly  high  average  horse-power.     Both 

141  develop  the  effect  of  higher  speed  to  reduce  tractive  force 

and  also  show,  by  the  comparative  indicated  horse-power,  that  it 
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Table  152. 

Indicator  Tests  of  Mogul  Engine,  i8  x  24,  Cincinnati,  New  Oriiaxs 
&  Texas  Pacific  Railway,  hauling  Train  of  ii  Loaded  and  23  Emttt 
Cars,  S36.000  Lbs. 


Pig.  140. 


Fig.  141. 


Boiler  pressure 

Cut-ofif 

Throttle  open.. 
Speed  per  hour 
Av.  cyl.  pres . . 

Ind.  H.  P 

Loss  intt.  pres. 


135  lbs. 

10  in. 

Full. 

20.0  m. 

62.4  lbs. 

593 
15  lbs. 


130  Ibf. 
10  in. 

\ 

24.3  m. 
52.0  lbs. 
602 
28  Ibf. 


140  lbs. 
16  in. 

i 

29.3  m. 

48.8  lbs. 

680 

34  lbs. 


Boiler  pressure 

Cui-oflf 

Throttle  open.. 
Speed  per  hour 
Av.  cyl.  pres  . . 

Ind.  H.  P 

Loss  init.  pres. 


Fig.  149. 


140  lbs. 
7  in. 

i 
12.5  m. 

47.0  lbs. 

279 
17  lbs. 


132  lbs. 
7  in. 

i 

27.3  m. 

37-7  lbs. 

491 
20  lbs. 


FMs.  143. 


135  Ibt. 
7  in. 
Full. 

35-9  m. 
32.7  lbs. 

558 
9lbi. 


127  lbs. 
7  in. 

\ 

31.2111. 

30.6  Um. 
45S 

lalfaf. 


VIL;^ 
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Table  153. 

Imdicator  Tests  of  Mogul  Engine,  19  X  24,  Cincinnati,  New  Orleans 
&  Texas  Pacific  Railway,  hauling  a  Heavy  Freight  Train,  28  Cars, 

WEIGHING,  WITH   LOAD,  969,000  LBS.      AVERAGE  SPEED   OF  ALL  TESTS,  26.4 

Miles  Per  Hour.    Average  I.  H.  P.  426. 


Pic.  144. 


Boiler  pressure 

Cnt-oflf 

Throttle  open.. 
Speed  per  hour 
Av.  cyl.  pres. . 

Ind.  H.  P 

Loss  init.  pres. 


1 10  lbs. 
I2i  in. 

f 

18.7  m. 

55.7  lbs. 

460 

10  lbs. 


120  lbs. 
I2i  in. 

I 

20.9  m. 

47.9  lbs. 

440 

29  lbs. 


Fig.  145. 


125  lbs. 
7  in. 

i 
29.4  m. 

30.6  lbs. 

396 
9  lbs. 


132  lbs. 
7  in. 

I 

27.5  m. 

29.0  lbs. 

351 
.  20  lbs. 


Boiler  pressure 

Cat-o£f 

Throttle  open.. 
Speed  per  hour 
Av.  cyl.  pres.. 
Ino.  n.  P. . .  •  ( 
init.  pres 


Fig. 

"146. 

130  lbs. 
7  in. 

Civ—--- 

Fio. 

«47. 

130  lbs. 
7  in. 

120  lbs. 
I2i  in. 

1 

130  lbs. 
I2i  in. 

32.2  m. 
31.8  lbs. 

30.6  ni. 
32.1  lbs. 

21.9  m. 

43.8  lbs. 

30.6  m. 
33.9  lbs. 

450 
8  lbs. 

432 
10  lbs. 

422 
33  lbs. 

456 
14  lbs. 
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can  do  no  possible  harm,  so  far  u  the  load  bauled  is  conceroed.  Figs.  [41 
and  143  develop  ifae  same  facts  itill  more  forcibly.  Seven  of  (be  eigbi  da- 
grams  of  Table  153,  it  will  be  seen,  develop  nearly  the  same  horse-powet.  6o« 
being  about  the  maximum  (or  this  type  of  engine,  and  amounting  to  3;  hoix- 
power  per  square  foot  of  grate  per  hour — which  is  more  than  can  be  aveiigti. 
but  is  often  reached  for  the  moment  (see  par.  550). 

S98.  Table  153  shows  the  performance  of  a  somewhat  heavier  en- 
gine hauling  a  heavier  train,  but  doing  less  work.  Very  naturally,  t!w 
effect  of  speed  to  modify  the  average  cylinder  pressure  islessconspicuoui 
In  the  two  diagrams  given  in  Fig.  147  we  see  the  cSect  of  speed  to  k- 
duce  the  effective  pressure  very  clearly,  for  Fig.  146  and  others  sbor 
that  throttling  alone  accounts  for  but  a  small  part  of  the  difference. 

699.  Fig.  148  shows  a  couple  of  diagrams  taken  from  a  test  of  a  Con- 
solidation engine  on  the  same  road  when  doing  fairly  heavy  work,  about 
30  H.  P.  per  square  foot  of  grate  per  hour,  or  about  80  per  cent  of  u 
everyday  maiimum.  The  way  in  which  the  same  horse-power  is  pro- 
duced and  used  up  in  a  very  different  way  is  very  clearly  brought  out. 
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CHAPTER  XII. 

ROLLING-STOCK. 

600.  One  of  the  greatest  changes  in  the  recent  history  of  American 
failways,  and  one  which  has  contributed  as  p)owerfully  as  any  to  the  great 
reduction  in  cost  of  transportation  which  has  taken  place,  is  the  marked 
increase  in  the  average  capacity  of  freight  cars — an  increase  which  has 
been  accompanied  by  a  very  slight  increase  in  the  dead  weight  of  the 
cars.  In  Table  154  are  given  the  leading  dimensions  of  both  the  new 
and  old  standard  freight  cars  of  the  Pennsylvania  Railroad,  which  may 
be  accepted  as  in  a  measure  typical  of  all  American  rolling-stock,  and 
the  contrast  is  at  once  evident. 

This  change  has  taken  place  almost  entirely  since  the  first  edition  of 
this  treatise  was  prepared,  in  1876,  and  is  in  good  part  the  result  (and  the 
most  useful  result)  of  the  narrow-gauge  movement,  which  concentrated 
attention  upon  admitted  extravagances  of  past  administration.  In  part 
it  is  an  indirect  effect  of  the  introduction  of  steel  rails.  A  still  more  p)o- 
tent  cause,  however,  has  probably  been  the  enormous  increase  in  volume 
of  traffic,  especially  in  bulky  freight  to  be  transmitted  great  distances  at 
low  rates,  which  made  the  last  degree  of  economy  indispensable. 

601t  Ten  or  twelve  years  ago,  ten  tons  (20,000  lbs.)  was  the  ordinary 
maximum  load  for  freight  cars,  24,000  lbs.  only  occasional,  and  30,000 
lbs.  almost  unheard  of;  but  of  the  capacities  now  specified  (1885),  40,000 
lbs.  is  more  common  than  any  other,  anything  less  than  28,000  or  30,000 
quite  exceptional,  and  50.000  lbs.  no  longer  rare.  There  were  in  1885, 
180  flat  cars  and  10  box  cars  of  60,000  lbs.  capacity  on  the  Northern  Pa- 
cific, and  from  2  to  10  of  the  same  capacity  on  a  number  of  other  roads. 
Of  50,000-lb.  or  25-ton  cars  there  are  far  more,  numbering  several 
thousands  on  many  roads,  and  this  bids  fair  to  become  the  standard  coal 
car ;  while  there  are  not  a  few  box  cars  in  use  of  that  capacity.  As  fair 
evidence  as  any,  perhaps,  of  the  great  increase  in  the  average  car-load  in 
recent  years  is  the  classification  list  of  the  Pennsylvania  Company,  given 
in  Table  155,  which  includes  all  the  freight  rolling-stock  of  that  com- 
pany's system,  existing  in  sufficient  numbers  to  form  a  class,  in  1885. 
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Table  155  is  interesting,  not  only  as  giving  the  average  capacity,  but 
lor  the  variety  of  dimensions  appearing  among  the  standard  types  of  a 
single  line.  It  will  be  seen  that  in  these  13  classes  there  are  10  different 
lengths  (not  counting  differences  of  less  than  an  inch),  and  9  different 
widths,  ranging  by  jumps  of  a  few  inches  each  from  7  ft.  5  in.  to  8  ft.  11 
in.;  all  in  freight  service  only.  This  diversity  is  in  part  because  the  cars 
must  be  adapted  to  many  different  uses,  but  in  the  main  it  is  evidence  of 
the  fact  that  a  process  of  evolution  is  still  going  on,  so  that  the  rolling- 
stock  of  the  country  is  for  the  present  in  a  transition  state.  The  general 
tendency  of  this  process  can  alone  be  stated  :  to  increase  the  capacity  of 
freight  cars  up  to  25  or  even  30  tons  of  paying  load,  and  perfect  their  con- 
struction so  that  such  loads  may  be  handled  with  safety,  at  fairly  high 
speeds. 

602.  Two  changes  which  may  reasonably  be  expected  to  come 
about  in  the  next  few  years  will  greatly  strengthen  this  tendency,  and 
pfx>bably  materially  modify  the  handling  of  freight  trains  as  well — the 

Table  195. 

Classification  List  op  Frkight  Cars  of  the  Pennsylvania  Company, 

1885. 


KiKD  OP  Cak. 


L.oost>ox*. 


Refrigermtor. 


ProTisioo 

Stock  (tundard) 


CI 


Gondola  (tundaid) 

(widened) 

**  (tundard,  long) . . 
Dn^  bottom  (standard)*. . . 
Hopper  bottom  (standard)*. 
Stone  flat  (standard) 


Q. 
M. 

R. 
M.  ftO. 
M.  ftO. 

O. 
P.  B. 
P.  D. 
P.  E. 

E. 

D. 

C. 

S. 


Insidb  Dimensions. 


Length. 


ft.  in. 
33  «o^ 

a?  iM 
a?  4^ 
ai    5 

«3    I 

33  «o 
29    4li 
39    8« 
39    8« 
33    o 

33    o 
83    5 

35    7 


Width. 


ft.  in. 
8    A\i 

7"« 
7«^ 
7  10 

7  10 
5 


8 
8 
8 
8 

7 

7 
7 


3 

o 

4 
5 
5 

7 


8  XI 


Height. 


ft.  in. 
7    4 

5    8H 
5  10 
5  «o 

7    « 


6 

9 
9 
9 
9 


9 
6 
6 
6 
6 


3  " 


Standard 
Capacity. 


lbs. 
40,000,  50,000 

36,  30,  40«ooo 

40,000 

40,000 

40,000 

40,000 
36,  38,  30,000 

3^1  3O1   4O1OOO 
50,000,  60,000 

40,000 

40,000 

50,000 

50,000 


Standard  height  of  floor  from  rail,  all  cars,  4.0^.  P.  D.  gondolas,  built  before  present 
standards  were  adopted,  have  sides  only  30  in.  and  a  ft.  high. 

The  weights  of  these  cars  are  substantially  the  same  as  those  for  the  Pennsylvania 
Railroad,  given  in  the  preceding  table,  those  marked  *  being  substantially,  if  not  exactly, 
tbemunecan. 
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adoption  of  some  form  of  automatic  coupler,  and  the  adoption  of  a 
freight-train  brake.  The  effect  of  all  these  causes  combined  will  prob- 
ably be  to  assimilate  the  handling  of  freight  trains  more  and  more  to  the 
handling  of  passenger  trains,  except  that  the  speed  will  be  much  more 
variable  :  as  low  as  now  on  heavy  grades,  but  very  much  higher  on  the 
easier  sections  of  the  line,  where  great  tractive  force  is  not  demanded, 
and  where,  consequently,  higher  speed  is  entirely  feasible.  As  the  ordi- 
nary passenger  piston  speed  is  not  found  to  be  injurious,  we  may  expect 
with  some  confidence  that  at  no  distant  day  maximum  freight  speeds  of 
28  to  30  miles  per  hour,  which  would  give  about  the  same  piston  speed, 
will  be  established  in  general  practice. 

The  effect  of  this  change  will  be  to  greatly  facilitate  the  hauling  of 
heavy  trains,  even  without  considerable  modification  of  gradients,  for 
reasons  discussed  in  Chapter  IX.,  and  elsewhere.  With  the  more  per- 
fect road-beds  and  track  which  become  every  year  more  general  there  is 
no  reason  to  believe  that  wear  and  tear  will  be  materially  increased, 
while  the  cost  of  power  per  ton-mile  will  certainly  be  rather  less  than 
more,  not  only  because  of  the  less  time  afforded  for  radiation  of  heat 
from  the  exterior  of  the  locomotive  and  journal-boxes  and  interior  of  the 
cylinders,  but  from  less  destruction  of  energy  by  brakes,  since  it  can  be 
stored  in  the  train  in  the  form  of  velocity,  and  afterwards  used,  to  a 
much  greater  extent. 

603t  The  primary  requirement  for  the  attainment  of  this  desirable  end 
is  the  adoption  of  a  freight-train  brake,  and  fortunately  there  now  appears 
every  prospect  that  some  approved  form  of  freight-train  brake  will  come  into 
general  use  within  a  few  years,  and  thus  greatly  simplify  the  problem  of  ob- 
taining the  most  favorable  virtual  gradients  cheaply,  in  addition  to  the  direct 
advantages.  The  latter  alone  are  much  considered  by  the  public,  but  on  cer- 
tain lines  at  least  their  effect  on  the  virtual  gradients  will  almost  certainly  be  of 
more  financial  importance,  and  make  the  expenditure  for  train-brakes  a  most 
profitable  one,  independently  of  the  greater  safety  and  convenience. 

604.  The  ultimate  solution  of  the  problem  of  automatic  couplers  is  a  more 
doubtful  matter,  and  it  may  be  well  on  toward  ihe  close  of  this  century  before 
automatic  couplers  come  into  use.  To  the  highest  efficiency  of  train-brakes 
they  are  almost  essential,  and  the  breaking  in  two  of  trains  is  another  evil, 
tending  to  discourage  the  hauling  of  heavy  trains,  which  they  will  very  largely 
remedy.  The  chief  obstacle  to  their  introduction  is  and  has  always  been,  not 
the  mechanical  difficulty  of  the  problem,  but  the  fact  that,  owing  to  the  contin- 
uous interchange  of  cars,  no  real  benefit  would  be  derived  from  such  a  coupler 
until  it  had  come  into  almost  universal  use,  whereas  a  passenger-coupler  was 
as  useful  to  the  road  applying  it  as  it  ever  could  be,  as  soon  as  it  was  applied 
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to  tlieir  own  cars,  or  even  to  a  few  trains.  The  consequence  of  this  difference 
it  thai  the  usual  cut-and-try  process  of  development  and  survival  of  the  fittest 
was  impossible  wiih  freight  couplers,  whereas  the  first  practicable  passenger- 
coupler  was  adopted  by  a  few  roads  almost  immediately,  from  which  the  conta- 
of  example  sped,  each  gaining  the  full  benefit  of  their  own  expenditure  as 
as  made,  and  losing  nothing  by  the  backwardness  of  others. 
The  greatest  immediate  obstacle  to  a  general  agreement  on  some  one 
iretght*€oupler,  or  on  two  or  more  couplers  working  well  together,  is  the  ezist- 
of  two  distinct  types  of  such  couplers,  which  have  become  known  as  the 
link*'  and  (by  a  somewhat  awkward  and  inappropriate  term) ' '  vertical-plane" 
or  lateral-hook  couplers.  The  link  type  resembles  more  or  less  closely  the 
ordinary  form  of  coupler,  but  r\      r 

arranged  to  work  automatical-  j      j 

ly,  and,  in  the  best  types,  dis- 
pensing with  loose  links  and 
pins.  The  hook  type  is  model- 
lod  after  the  couplers  which 
have  been  so  successful  in  pas- 
senger service.  Fig.  149  shows 
one  of  the  most  approved 
forms  of  link-couplers — the  Ames,  and  Figs.  150,  151  one  of  the  most  approved 
forms  of  hook-couplers — the  Janney.     Neither  of  these  couplers  has  been  se- 


J I 

Fig.  X49.— Ambs  (Link)  Car-couplbr. 


Fig.  150. 
Jamnby  (Hook)  Guk-couplbb. 


Fig.  151. 


lected  for  illnstration  as  the  best  of  its  type,  but  merely  as  fairly  representative 
and  among  the  best  and  most  approved. 

605»  Each  of  these  types  has  strong  advocates,  but  it  may  be  expected  with 
some  confidence  that  the  hook  type  will  ultimately,  and  perhaps  very  speedily, 
prevail,  for  the  reason  that  it  insures  a  steadier  and  smoother  motion  of  the 
train  by  doing  away  with  loose  slack,  which  is  the  chief  provocative  of  breaking 
in  two  of  trains  and  of  broken  draw-bars  and  other  damage,  while  it  has  been 
proved  not  to  be  of  appreciable  advantage  in  starting  heavy  trains.     There  is 


490 


CHAP,   XIL— ROLLING-STOCK, 


a  general  impression  to  the  contrary,  and  not  a  little  floating  evidence;  but  in 
careful  tests  at  Burlington,  la.,  1886,  it  was  found  that  there  was  nothing 
gained  by  loose  slack  more  than  could  be  secured  by  first  backing  the  locomo- 
tive against  brakes  set  at  the  rear  of  the  train,  and  so  compressing  the  springs 
throughout  the  train.  On  the  locomotive  starting  forward  the  compressed 
springs  give  a  push  to  each  car,  and  this  push  seems  to  be  more  effective  than 
when  the  same  thing  is  done  with  a  train  having  slack. 

As  several  good  couplers  of  each  type  now  exist  which  will  work  qui 
well  together,  nothincr  now  impedes  a  decision  of  the  coupler  question  ezcep 
the  existence  of  these   two  types,   each  of  which    has    certain  advantages^ 
The  advocates,  of  each  are  indisposed  to  proceed  very  actively  with  the  equip- 
ment of  their  cars  until  the  vexed  question  of  a  choice  is  settled. 

606.  In  Table  156  are  given  various  details  as  to  certain  very  large  o 
heavy  freight  cars,  and  in  Table  157  the  leading  dimensions  of  the  more  "«"> 
passenger  cars.  In  respect  to  the  latter,  the  tendency  is  more  and  more  towar 
the  use  of  the  heavy  sleeping  and  drawing-room  cars  for  a  large  percentage 


Table  156. 
Dimensions  of  Certain  Very  Large  and  Heavy  Freight-Cars. 


Length  over  sills 

Width  over  sills 

Length  over  roof 

Width  over  roof 

Inside  length 

**       width 

•'       height 

Extreme  height 

length 

Total  wheel-base 

Weight 

Capacity 


Furniture 

Car 
Chicago  & 

N.  W. 
Railway. 


ft.  in. 

38  O 

8  6 
38  7i 

9  li 
37  6i 

8  oi 

8     5f 

13  8i 
40  Hi 
31  lof 


40,000  lbs. 


M.  C.  B. 

Staodmrd 

60,000-lb. 

Box  Car. 


ft.     in. 
35     O 


9 

34 

9 


o 
o 
o 


II  10* 
31    6 


) 


60,000  lbs. 


PUe^river 

Car 
Ga.  Central 

Railroad.t 


ft     in. 
44    O 
10    O 


32,000  lbs 
+39.a»    " 


Philadelphia^ 
ft  Reading 
Standard 
Coal  Car. 


} 


ft.  in. 

34  O 

7  6 

23  O 

7  6 


7  " 
24    6 

18,480 1 
56,000 


•  To  top  of  brake-shaft,  la  ft,  10  in. 

t  Leaders  to  hammer,  40  ft.  high,  taking  a  pile  18  in.  X  50  ft.;  58,000  Iba.  on  one 
moved  back  to  let  the  front  of  the  car  project.    Four  trucks  in  all.    Hammer,  8000  Ite. 
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the  travel,  and  many  through-trains  consist  of  them  almost  exclusively — a  fact 
which  tends  to  make  the  rate  of  long  grades  and  of  grades  at  stations  of  almost 
as  much  importance  to  them  as  to  freight  trains,  but  owing  to  the  fact  that,  by 
▼arying  high  velocities  slightly,  a  great  difference  in  tractive  power  on  up 
grades  results,  and  all  but  quite  long  grades  may  be  operated  almost  as  virtual 
levels  (par.  397),  the  disadvantage  of  dead  weight  is  very  much  less  in  passen- 
ger service  than  is  sometimes  assumed,  and  the  tendency  toward  luxury  in  that 
respect  may  be  expected  to  continue. 

Drawings  and  dimensions  of  a  great  variety  of  cars,  and  of  all  car  details, 
will  be  found  in  the  Car-Builders'  Dictionary,  as  revised  by  the  writer. 

Table  157. 
Leading  Dimensions  and  Weight  of  Sundry  Passenger  Cars. 


Pbmma.  Railxoad. 

LSNGTH. 

Width. 

Height 

Weight 

Capacity. 

Weight 

One 
Truck. 

Stakdaros. 

Body. 

Out  to 
Out. 

Body. 

Max. 

T»mg«* 

ft  in. 
t46    6 

40    0 

t6o    9M 

l58    0 

ft.  in. 
5a    9 

46    0 

66  ii9i 

64    8 

ft.  in. 
9  10 

9  »<^ 

9  «oM 
10    0 

ft.  in. 
xo    x« 

10    x9i 

10    x« 

10     X 

ft  in. 
«4    x« 

14    i9i 
14    iH 
13  10 

lbs. 
♦44.989 
33,000 

58,000 

•  •  •  • 

Pass. 

51 

•  •  ■  • 

30,000  lbs. 

•  •  •  - 

lbs. 
7,300 

l^fffaffe 

1>octal 

Sleeper  (old  ttjle) 

•  .  .  • 

DintngKC,  B.  AQ.).. 

Mooarch  tlceptag-carft.. 

Mann  sleeping.<ars... 

Parlor  Car  (BA  O.R.R.) 

Woodmfl  sleeper. 

Harl.  ft  H.  Co.,  ist-daas 
passenger 

64    0 

•  •  •  • 

•  •  • 

58    0 

•  •  •  • 

49    6 

«  •  •  • 

75    0 

•  •  •  • 

6s    0 
71    0 

57    8 

xo    4 

•  ■  ■  • 

•  •  •  • 

9    6 

•  •  •  • 

9    6 

10    6 

•  •  •  • 

•  •  •  • 

XO    0 
xo    3 

■  ■  ■  ■ 

X4      3 

•  •  •  • 

•  •  ■  • 

X4    0 
«5    5 

13    6 

83,500 
75,000 
7x,ooo 
70,000 
60,000 

.... 

10  sec. 

■  •  •  ■ 

•  •  *  • 

38 

•  •   ■   • 

58 

1  «5.5«> 

•  •  •  • 

x6,30O 

•  •  •  • 

*  The  Lehigh  Valley  standard  passenger  car,  of  the  same  general  dimensions  as  this,  weighs 
45,x36  lbs.;  one  track,  8634  lbs. 

t  Centre  to  centre  of  track,  33  ft.;  7  ft  wheel-base. 
X  Centre  to  centre  of  track,  46  ft  s^  >o  ;  xo  ft.  wheel-base. 
I  Centre  to  centre  of  truck,  44  ft;  X4  ft.  wheel-base. 
I  Six-wheel,  xo  ft  6  in.  wheel-base. 

Sleeping<ars  have  usually  la  sections  and  a  state-room  and  smoking-room  ;  sometimes 
only  10,  rarely  14;  and  a  few  cars  have  16  sections,  but  without  state-room  or  smoking- 
fxxmi.  Many  sleepers  and  parlor  cars  weigh  75,000  to  78,000  lbs.  Pullman  sleeping-cars 
buih  for  English  service  are  much  narrower  than  in  American  practice,  and  weigh  only 
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CHAPTER  XIII. 

TRAIN    RESISTANCE. 

607.  Although  over  fifty  years  have  passed  since  experimental  inve^  " 
tigations  in  respect  to  it  began,  there  is  no  single  element  of  train  x^^^ 
sistance  whose  laws  can  be  said  to  be  definitely  known.  Within  th^^ 
years  1 875-1 885,  however,  much  progress  has  been  made,  and  althougtr^- 
our  knowledge  is  still  defective,  yet  the  limits  of  error  are  now  quit^? 
narrow. 

608.  Train  resistance,  properly  so  called,  may  be  defined  as  the  sunm 
of  all  the  resistances  which  CONSTITUTE  A  TAX  UPON  THE  ADHESIO!<r 
of  the  locomotive ;  thus  excluding  all  those  resistances  which  ar^ 
internal  to  the  locomotive  itself,  and  hence  are  a  tax  upon  the  cylinder* 
power  only,  which  is  a  much  less  serious  matter.  These  latter  resist^ 
ances  are  (i)  all  the  friction  of  the  valve-gear,  piston,  and  connecting- 
rods,  and  (2)  all  y<7i/rMa/- friction  of  the  driving-wheels.  The  resistances 
which  do  tax  the  adhesion  are  (i)  the  r<7/Zr>^-friction  proper  (between. 
wheel  and  rail,  Fig.  152)  of  the  drivers,  with  (2)  both  the  rolling  and  the 
journal  friction  of  the  truck-wheels,  or  of  any  other  wheels  not  drivers  • 
(3)  all  head  and  other  atmospheric  and  oscillatory  resistance  of  the  loco- 
motive ;  (4)  all  grade  resistance  of  the  locomotive  and  (5)  all  resistances, 
of  every  kind,  of  the  train  behind  the  locomotive. 

609.  Simple  as  would  seem  the  problem  of  determining  what  is  and 
what  is  not  a  tax  upon  the  adhesion,  frequent  errors  have  arisen  in  de- 
termining it,  both  by  including  among  the  resistances  which  tax  the  ad- 
hesion the  journal-friction  of  the  drivers  and  even  the  friction  of  the 
machinery,  and  by  excluding  from  it  the  atmospheric  oscillatory,  and 
even  grade  resistance  of  the  locomotive. 

610i  It  seems  especially  plausible  to  assume  that  all  resistances  which  would 
still  exist  if  the  engine  were  a  dead  engine,  with  disconnected  side^rods,  hauled 
by  another  engine  in  front  of  it.  are  a  tax  upon  the  adhesion  when  the  engine 
is  under  steam.  This  is  not  correct,  for  it  includes  as  a  tax  on  the  adhesioa 
the  considerable  item  of  the  journal  friction  of  the  locomotive. 

The  true  test  for  what  is  and  is  not  a  tax  upon  the  adhesion,  is  to  conceive 
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the  locomotiTe  to  be  stationary  and  lifted  from  the  rails  with  belts  on  the 
drivers.  Whatever  power  would  then  be  lost  by  friction  within  the  locomotive 
itself,  before  it  reached  the  belts,  is  similarly  consumed  in  the  locomotive  with- 
out taxing  the  adhesion.  All  the  remainder  of  the  power,  including  any  loss 
by  the  friction  or  wear  of  belt  or  driver,  would  be  transmissible  only  by  the  ad- 
hesion of  the  belt  to  the  driver,  and  the  measure  of  that  adhesion  would  be  the 
measure  of  the  net  power  of  the  engine  aside  from  its  own  internal  friction. 

The  locomotive  engine,  in  fact,  is  to  all  intents  and  purposes  a  mechanical 
equivalent  for  a  stationary  engine  with  fly-wheel  and  belt,  the  rail  being  the 
belt.  Only,  instead  of  the  engine  being  stationary  and  the  belt  moving,  the 
l>elt  is  stationary  and  the  engine  moves  along  it.  The  locomotive,  it  is  true, 
ises  a  large  part  of  its  power  in  raising  and  lowering  itself  on  grades,  but  a 
rtationary  engine  might  easily  be  made  to  do  the  same  without  altering  any  of 
ts  essential  features. 

611.  Regarding  train  resistance,  therefore,  as  the  sum  of  all  those  re* 
istances  which  tax  the 
dhesion,  they  may  be 
ubdivided  as  follows : 

1.  The  journal'friC' 
ion^  between  journal  and 
rearing.  ^'°-  *^- 

2.  The  rolling-friction  proper,  between  wheel  and  rail,  from  the  cause 
>atlined  in  Fig.  152. 

Both  these  together  are  commonly  included,  both  in  this  volume  and 
elsewhere,  under  the  general  name  of  rolling-friction,  and  their  ag- 
^egate  only  has  been  determined  with  approximate  exactness.  Exp)eri- 
ment  indicates  that  their  aggregate  varies  somewhat,  but  not  materially, 
with  the  velocity. 

612.  The  three  following  are  known  collectively  as  the  "  velocity  re- 
sistances ; "  and  experiment,  so  far  as  it  goes  (which  is  not  far),  seems  to 
agree  with  the  requirements  of  theory,  that  they  should  vary  as  the 
square  of  the  velocity : 

3.  Atmospheric  head  and  tail  resistance,  including  the  head  resistance 
of  the  locomotive  and  of  the  front  car  above  the  tender,  and  that  result- 
ing from  the  suction  of  the  last  car. 

4.  Atmospheric  side  resistance,  including  that  between  the  successive 
ixirs. 

5.  Additional  rolling  and  journal  friction  resulting  from  oscillation 
md  concussion. 

As  with  the  rolling-friction,  the  aggregate  of  these  three  items,  and 
especially  of  the  last  two,  is  far  better  known  than  the  separate  imp)or- 
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tance  of  each.  The  doubt  on  this  subject  goes  so  far,  indeed,  that  st^mc 
modern  formulae  of  reputation  (e.g.,  the  two  compared  with  the  author's 
in  Table  i66)  assume  the  velocity  resistance  to  be  all  atmospheric,  while 
others  assume  it  to  be  all  oscillatory. 

613.  An  additional  velocity  resistance,  but  one  not  commonly  so 
called,  and  too  easily  forgotten  to  be  an  element  of  train  resistance  at 
all,  although  an  essential  and  important  element  thereof,  is — 

6.  Stopping  and  siarttniT  resistance.  The  nature  of  the  large  addition 
which  it  makes  to  the  permanent  train  resistance  has  been  considered  in 
par.  368  et  seq. 

Finally  we  have,  as  the  only  known  and  invariable  element  of  train 
resistance — 

7.  Grade  resistance,  which  is  sensibly  the  same  rate  per  cent  of  the 
total  weight  of  the  train  as  the  rate  per  cent  of  the  grade ;  i.e.,  20  lbs. 
per  ton  of  2000  lbs.  for  each  i  per  cent  of  grade  (par.  382). 

On  badly  located  lines  only  we  need  also  to  consider — 

8.  Curi'e  resistance.  On  any  well-located  line  its  amount  is  consider- 
ed only  for  the  purpose  of  making  such  reduction  of  grade  as  shall 
eliminate  it  altogether.  Therefore,  after  once  completing  such  a  line  it 
does  not  constitute  an  element  of  train  resistance  which  affects  the 
movement  of  trains. 

614.  Another  element  of  train  resistance,  in  a  certain  sense,  is  brake-fric- 
Hon.  While  it  will  be  most  appropriately  considered  in  this  chapter,  as  relat- 
ing to  its  general  subject,  it  can  only  in  a  very  figurative  sense  be  said  to  be  ao 

element  of  train  resistance, 

^1**^5*^  properly   so  called.       The 

I    ^^Kq.  simplest  method  of  com pu- 

Vel.  I     ^^^^^^  ^  ting  the  efficiency  of  brakes 

^oa^j                   ^M^^i^^  '*  ^^^*"  beneath  Table  1 18, 

^_^  ^L                      **^^  5?\  page   336,    and    Fig.    153 

^^^^^^^^^t^Stop              "*"*v  outlines   the    principle  of 

j                 ^~      ^~^^^Illl>^  B  ^^®  method  there  given,  h 

^^ ' " ' ---^  ■•I'h  ^    need  only  be  added  that  the 

STOP  ON  DESCENDING  GRADE  ^             \^^        ^^^^ 

cy  of  brakes  may  be  now 
(1886)  considered  as  from  10  to  14  per  cent  <;>//^  load  on  the  braked  wheels  in  pas- 
senger service,  with  air-brakes,  and  from  2^  to  5  per  cent  with  hand  and  driver 
brakes  on  heavy  freight  trains.  The  safe  pressure  on  the  brake-shoes  is  not 
much  (A'cr  two  thirds  of  the  load  on  the  wheels.  The  maximum  retardatioo 
which  has  ever  been  realized  was  with  an  ingenious  apparatus  devised  by  Mr. 
George  Westinghousc,  by  which  the  pressure  was  very  gn^eat  at  high  speeds  and 
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Table  198. 

Maximum  EFncnNcr  op  Power  Brakes  during  all  Parts  of  Stops  in 
Passenger  Service  or  with  Short  Freight  Trains. 

[AlMtrttcted  ttom  oompnUUiona  by  the  writer,  being  averages  of  a  large  number  of  stops.] 


PdmoMS  or  Srors. 


VtMaH/rmcti^n  of  xooft 

E,aat  #v»»  ICO  ft 

Pii'xling  xooft 

M       •• 

M      M 

M      M 

M  M 
MM 
M       M 

ATfagM,  adading  last 
fraction  of  soo  ft. 


ATerage 
Per  Hour. 


8to  xo 
so 
s8 

35 

40 

44 

47.5 
SO 


so  to  5a 


Ratios  op  Brakb  Rbtarda- 

TiON  TO  Load 

OM  Braked  Whbbls. 

Westinghouse 
Brake. 

Smith 

Vacuum 

Brake. 

Regular 
Stop. 

Against 
Engine. 

30.9 

19.3 

X9.3 

«3.9 

X3.9 

XX. 6 

14.7 

14. 5 

XX.6 

X3.75 

1    13.6 

«4.45  . 
9-95) 

X9.9 

IX. 95 

10.75 

14. a 

i  13.85 
1  X3.8 

8.35  I 
8.9    f 

14.8 

«3.3 

8.4 

«4-75 

(".6) 

8.7 

(4.5) 

(8.65) 

14.15 

13.68 

xo.oo 

Ratios  op  Brakb 

Rbtardation  to 

Prbssurb  on 

Brake-blocks. 

Galton.    Theoreti- 
cal (Table  xxa) 
Uniform  Pressure. 


After  10 
Sections. 


94.0 
«3.3 

XX. 9 

8.5 

7.7 
7.3 
7.0 

6.7 
6.4 


8.6 


Initial. 


35.0 

X8.3 

X7.X 
«5.3 
M.4 
«3.8 
X3.0 

X3.0 
XX. O 


M.35 


N.  B. — ^The  ** average  speed**  given  in  the  first  line  of  this  table  is  for  the  period  of  a 
stop  begmntMg  at  15  to  ao  miles  per  hour  and  ending  at  zero,  so  that  it  averages  8  to  10 
miles  per  hoar. 

For  the  original  records  of  these  stops,  with  very  valuable  further  data  on  brake 
eflfidency  and  the  laws  of  brake  friction,  see  Dredge's  **  Pennsylvania  Railroad  **  (Wiley  & 
Sons). 

From  analjTsis  of  these  and  other  data  the  writer  concluded  that  the  following  ratios 
represent  the  maximum  efficiency  of  brakes  in  ordinary  practice,  being  such  as  is  fairly 
attainable,  and  is  in  fact  attained  under  favorable  conditions  with  all  in  good  order  and 
with  the  best-known  appliances  : 

Retardation  of  Brakes  in  per  cent  of  Load  on  Braked  Wkuis. 

With  special  apparatus  not  in  practical  use  : 
About  onejtfth^  or  ao  per  cent  at  all  speeds. 

With  efficient  power  brakes  of  ordinary  type  : 

At  speeds  decreasing  from  15  to  30  miles  per  hour,  about  onefiftk  or  ao  per  cenL 
At  all  speeds  exceeding  15  to  ao  miles  per  hour,  about  one  seventk,  or  14.14  per  cenL 
For  entire  stops  of  long  trains  at  high  speeds,  including  lost  time  in  appljring  full 
imke-powcr,  cma  eigkti  to  one  nintk. 
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was  reduced  automatically  as  the  speed  fell,  so  as  to  keep  the  retardattoo  jut 
within  the  nearly  constant  force  necessary  to  skid  the  wheels,  which  is  one 
fourth  of  the  insistant  weight.  This  apparatus,  moreover,  was  applied  only  to 
a  single  car,  and  thus  did  away  with  another  serious  obstacle  to  the  efficiency 
of  brakes — that  it  takes  a  considerable  time  after  they  are  applied  on  the  engioe 
for  them  to  even  begin  to  apply  on  the  last  car.  With  50-car  freight  trains 
over  ten  seconds  is  lost  in  this  way. 

With  this  apparatus  an  average  efficiency  of  over  a  2  was  obtained  for  the 
entire  stop;  but  it  has  never  been  introduced  into  service,  extreme  efficiency 
not  being  the  end  aimed  at  so  much  as  cheapness,  simplicity,  and  certainty 
of  action.  It  is  possible  that  the  near  future  will  bring  about  considerable 
differences  in  the  brake  question,  and  until  then  it  is  dangerous  to  prophesy. 

615.  In  the  analysis  of  the  preceding  elements  of  train  resistance,  and 
in  presenting  and  reconciling  the  inconsistencies  of  the  experimental 
facts  on  record,  a  volume  might  easily  be  written,  and  perhaps  not  un- 
profitably ;  but  for  our  immediate  purpose  it  will  suffice  to  dismiss  at  once 
a  large  fraction  of  such  experimental  facts— or  what  purport  to  be  such, 
but  are  not — as  for  one  reason  or  another  worthless  as  practical  guides. 

616.  From  a  practical  point  of  view,  train  resistance  must  be  considered 
from  two  aspects,  viz. : 

1.  As  respects  freight  trains,  to  which  speed  is  unimportant  compared 

with  hauling  the  largest  possible  loads  over  the  points  of  maximum 
resistance. 

2.  As  respects  passenger  trains,  to  which  the  possibility  of  high  speed  is 

the  more  important  consideration. 

In  each  case  formulae  which  deal  with  the  car  resistance  only,  n^lect- 
ing  the  head  and  rolling  resistance  of  the  engine,  are  comparatively 
valueless.  What  we  need  to  know  most  is  the  sum  of  all  the  resistances 
which  tax  the  adhesion.  We  will  consider  each  class  of  train  resistance 
separately. 

FREIGHT-TRAIN  RESISTANCE. 

617.  The  best  existing  evidence  known  to  the  writer  as  to  what  is  the 
absolute  amount  of  the  train  resistance  of  entire  American  freight  trains 
in  the  ordinary  routine  of  service  are  the  observations  made  at  the  Bur- 
lington, la.,  first  (1886)  series  of  brake  tests.  These  tests  were  for  the 
primary  purpose  of  determining  precisely  how  much  difference  there 
might  be  in  the  normal  train  resistance  of  the  various  trains,  apart  from 
the  action  of  the  brakes.     They  were  made  by  the  "  gravi^meUiod  "  de- 
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scribed  in  Appendix  A,  the  train  being  caused  to  approach  the  starting 
post  at  as  nearly  as  might  be  20  miles  per  hour,  when  steam  was  shut  of! 
and  the  train  permitted  to  run  over  a  very  slight  down  grade  till  it  came 
to  a  stop.  It  was  then  caused  to  approach  a  succeeding  stop-post  at  a 
sharp  down  grade,  having  a  slightly  curved  alignment,  at  5  miles  per 
hour,  and  permitted  to  acquire  what  velocity  it  would  (about  35  miles 
per  hour)  for  a  certain  distance.  There  was  no  wind ;  and  the  ther- 
mometer averaged  about  80"  Fahr.  The  results  of  the  tests  are  summa- 
rized in  Table  160  and  Fig.  154,  which  may  be  accepted  as  an  almost 
absolutely  accurate  record  of  actual  resistances  *  over  the  entire  range  of 


Pic  x54.^RBStnLTS  or  tmb  Burlington,  I  a..  Tests  op  the  Resistance  op  Entire  Trains, 

AS  Summarized  in  Table  i6o,Page  500. 

[Compatcd  by  the  method  shown  in  Table  159,  on  following  page,  and  in  Appendix  A.] 

(The  dotted  lines  give  the  tests  made  on  curved  track  corrected  for  curve  resistance  as  per 
Table  160.  The  dotted  line  marked  '*  A.  M.  W."  is  that  given  by  the  writer's  formulae,  rig. 
163  and  Appendix  A.) 

-^^  .  _  _     .1       ~ —     -  ■-    — 

*  As  the  writer  was  referee  of  these  tests  he  was  familiar  with  the  condition 
of  the  cars  and  all  other  modifying  circumstances.     Therefore  he  can  voucli 
for  the  accuracy  of  the  results,  which  seem  somewhat  peculiar 
3a 
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Table  199. 

Manner  of  Computing  Gravity  Tests  of  Train  Rbsistancb  of  Entiu 

Freight  Trains. 

Speeds  decreasing  from  ao  miles  per  hour — 35  mixed-car  trains^  is  loaded,  13  empty,  vi& 
dynamometer  car  and  way  car — ^American  17  x  34  in.  engines. 

[Computed  by  the  writer  from  test  runs  down  a  slight  grade  with  steam  shut  off,  at  tbe 

Burlington,  la.,  freight-train  brake  tests,  Jdly,  1886.] 

(This  table  covers  only  the  computation  of  the  four  lowest  resistances  in  Fig.  i54t 
marked  '*  Westinghouse  Tangent.") 


Station. 

Elev. 

Track  at 

c.g.  of 

Tram. 

Speed. 

Miles 

Per  Hour. 

VeL-Head 

(by  Table 

iz8). 

Virtual 
Elevation. 

Differ- 
ences in 
ditto. 

Pounds 
Per  Ton 
Resist- 
ance. 

0 

724.2 
723.0 

721.3 
720.0 

715.8 

710.2 

21.5 
21.3 
20.6 
21.0 
21.0 

23.9 

16.4 

16. 1 

15. 1 

15.7 

15.7 
20.3 

740.6 

739- 1 
736.4 
735.7 
731.5 
730.5 

1.5 

2.7 

1.7 
4.2 

I.O 

I  000 

2  000 

^.000 

A    000 

c   000 

•    •   *   •  •    •     ^ 

First  5,000  feet 

21.55 

2   22 

4.44 

6,000 

704.4 

702.4 
701.6 

699-3 
698.1 

24.8 

25.3 

25.3 

24.3 
24.2 

21.9 
22.7 
22.7 
21.0 
20.8 

720.2 

725.1 

724.3 
720.3 

718.9 

3.3 
I.I 

0.8 

4.0 

1.4 

7,000.   

8  000 

0  000 

10  000 

Second  5,000  feet.... 

24.78 

2.12 

4.24     ^ 

11,000 

694.4 
692.0 
694.2 
695.0 
697.0 

24.6 
24.5 
21.8 
19.8 
17.2 

21.5 
21.3 
16.9 

13.9 
10.5 

715.9 
713.3 
711. 1 

708.9 
707.5 

3.0 
2.6 
2.2 
2.2 

1.4 

^^^ 

12,000 

^^ 

I'j  000 

IJ..000 

15,000 

Third  ^.ooo  feet 

2.88 

4.56 

16,000 

608.5 

695 -9 
693.1 

690.3 
684.4 

14.3 
14.6 

16.2 

16.7 

18.5 

7.3 
6.6 

9.3 
9.9 

12.2 

705.8 
702.5 
702.4 
700.2 
696.6 

1.7 
3.3 

b.i 
3.2 

17. 000 

18,000 

19  000 

20,000 

3*^       •••    .... 

Fourth    5,000  feet 

2.18 

4.36 

21,000 

682.2 
684.3 
682.5 

19.0 
16.4 
154 

12.9 
9.6 
8.4 

695.1 

693.9 
690.9 

1.5 
1.2 

3.0 

22,000 

23,000 

3,000  feet 

16.93 

...••••. 

1.90         3.80 

Pnttr^    91  i\r\r%  fp^t          .  . 

20.51 

2 .  16    >       A.\9, 

n»niircr   *j,v.^a^  icci. .  • .  • 

1     ^ " 
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At  an  illustration  of  the  accuracy  of  the  method,  at  station  9000  the  resistance  will  be 
abserved  to  be  abnormally  large.  The  same  peculiarity  ran  through  all  the  diagrams. 
It  was  found  on  investigation  that  the  track  at  9000  (which  was  in  the  hollow  of  a  grade) 
tod  been  reballasted  after  the  profile  levels  were  taken  and  raised  by  some  unknown 
unount  (probably  something  over  a  foot),  accounting  for  the  error.  All  the  irregularities 
of  the  table  are  due  to  two  defects  of  observation  :  (x)  Lack  of  absolute  precision  in  the 
uack  elevations,  and  (2)  lack  of  exact  correctness  in  the  speeds  read  off  from  the  dyna/* 
nometer  record,  which  was  on  a  scale  of  ^  in.  per  mile  per  hour,  or  2  ft.  of  paper  per  mile 
un.  To  attempt  to  compute  the  resistance  separately  for  each  successive  xooo  ft.  is  a  very 
Tucial  test  of  the  accuracy  of  the  method,  and  a  quite  unnecessary  one  from  a  practical 
»oint  of  view.  The  computations  over  5000  ft.  stretches  are  very  regular,  illustrating 
bat  no  other  method  can  j^>proach  this  in  precision  and  certainty. 

The  weights  of  the  trains  tested  were  as  follovrs,  in  tons  of  2000  Ibs.:^ 


25  box-cars,  empty  weight 

[2  loads,  at  20  tons  each 

Iu)ualizing  load,  when  used 

Dynamometer  car,  with  15  persons. . 
Way  car,  with  10  persons 

Total  train 

Engine  on  drivers 

'*       on  truck 

Tender  empty 

Total  engine  and  train 

Of  which  there  was  braked 

Per  cent  braked 


Westioghottse. 


301.07 
240. 
0.25 
16.50 

13.55 


571.37 
26.54 

14.07 

12.35 

15.15 


639.48 

339  96 
53.16 


261.41 
240. 

39-83 
16.50 

13.55 


571.29 
26.40 

14.52 

12.35 
15.15 


639.71 

300.16 

46.90 


American. 


344.79 
240. 

16.50 
13.55 


614.84 
25.02 
14.25 
12.35 
15.15 


681.61 

382.16 

56.04 


Every  box-car  truck  but  one,  as  well  as  the  tender  and  engine  drivers,  had  brakes  on — 
a  very  unusual  proportion. 

All  the  trains  had  Master  Car-Builders*  standard  axles  {^  X  7  in.),  except  the  Widdi- 
fiekl  &  Button,  which  had  3H  X  7. 

A  full  report  of  these  tests,  as  prepared  and  computed  by  the  writer,  will  be  found  in  the 
Railroad  Gazette^  June  to  August,  1886.  The  results  of  a  later  series  of  tests 
19  1887  (see  EngimgariMg  Ntws^  Blay,  June,  1887)  were  as  follows : 


Average  Speed. 

Miles. 


[886. 
[887. 

1886. 
1887. 


I6i 
I3f 
22i- 
I6i 


Tangent \  J 

3'  Curve ] 

Lowest  observed  on  Tangent \    «« * 

riignest  observed ]    ga. 


Retisunce. 
Lbs.  per  Ton. 

6.62 


I4i 


7.90 

8.46 
9.60 

4.32 

5.87 
8.50 
7.51 


7.26 


9.03 


500 
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Table  160. 

Train  Resistance  of  Entire  Freight  Trains,  including  Engine. 

[Giving^  the  mean  resistances  in  pounds  per  ton  (of  3000  lbs.)  computed  as  shown  is 
Table  159,  with  the  corresponding  velocities  in  miles  per  hour.] 

(Each  of  the  resistances  on  tangent  is  the  average  on  a  run  of  5000  ft.     Each  of  the 
resistances  on  curves  the  average  on  a  run  of  2500  ft.) 


f 


Wesiinghouse  (C,  B.  ! 
&  Q.  cars) ^ 


Mean 


Eames  (L,  D.  &  S. 
cars)  and  Widdifield 
&  Button  (L.V.cars) 

Mean 


American  (St.  L.  &  S. 
F.  cars) 


Mean  . 


Resistances  on 
Tangent. 


Vel. 


16.93 
16.06 
21.58 
24.78 

21.55 


20.51 


8.42 
18.28 

16.82 


Resist. 


3.80 
436 
4.56 
4.24 

4.44 


432 


6.50 
6.76 
7.04 


6.84 


9.62 
1372 


II . 66 


9-30 

7.88 


8.50 


Resistances  on  Curves. 


Vel. 


18.86 

33.90 
34.90 


26.33 


14.03 

24.55 
30.10 


21.70 


13.03 
24.45 
30.75 


21.19 


Resist. 


4.56 
7.56 
6.41 

•  •   •   • 

•  •   •    • 


6.07 

9.68 

9.20 

936 

9.42 

8.08 
10.40 

7.84 

8.94 


Curve. 


1.08* 
2.60° 

1.47' 


Taoftot 
RetisL* 


4.03 
6.26 
<.63 


.75^ 

2 

.08' 
.60* 

.47- 

.75^ 

2 

.08'' 
.60- 
.47'* 

5.30 

9.14 

7.90 
S.63 

8.55 

7.54 

9.10 

7.21 

1.75' 


8.07 


*  Tanp:eni  resistance  determined  by  subtracting  ^  lb.  per  degree  of  curve  froii|  the  lutal 
resistance.  Average  degree  of  curve  determined  by  determining  degrees  of  central  aafk 
passed  over  by  head  and  rear  of  train  on  given  distance,  averaging  the  two,  and  diTiding  bf 

number  of  stations. 

\'"elocities  are  in  miles  per  hour ;  resistances  in  pounds  per  ton. 


practicable  freif^^ht  spectls.    The  track  was  in  fair  but  not  remarkably 
good  condition. 

618,  The  conditions  of  the  trains  tested  (which  will  be  seen  to  have 
shown  quite  different  results)  were  as  follows  : 

I.  \\\'sti)i^house^  /nz/;/.— Made  up  of  old  cars  in  excellent  running; 
order,  with  well-worn  journals  and  wheel-treads.  The  performance  of 
this  train  should  fairly  represent  the  ordinary  conditions  of  practice. 

2.  .Inierica)!  train. — Made  up  of  entirely  new  and  ver\'  hea\y  cars. 
which  had  only  run  some  300  to  500  miles  since  leaving  the  shop,  and 

\  The  trains  arc  designated,  for  convenience,  by  the  names  of  the  brakes 
with  which  they  were  fitted,  although  these  brakes  had  nothing  to  do  with  the 

tests. 
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consequently  had  bearings  and  wheel-treads  still  comparatively  rough, 
find  not  fairly  representing  the  average  conditions  of  practice. 

3.  Eames  train. — Made  up  of  fairly  old  but  poorly  built  cars,  and 
generally  in  rather  inferior  condition. 

619.  The  effect  of  these  differences  in  the  trains  is  clearly  visible  in 
Fig.  1 54,  where  the  Westin^house  train  shows  rather  less  than  half  the 
rolling  resistance  of  the  other  two,  or  about  4  lbs.  per  ton  for  all  speeds 
up  to  25  miles  per  hour.  The  general  fact  that  speed  causes  very  little 
increase  in  train  resistance  up  to  speeds  of  30  miles  per  hour  is  clearly 
indicated  ;  and  this  many  other  indications  tend  to  confirm,  as  notably 
various  dynamometer  tests  made  by  the  Pennsylvania,  New  York,  Lake 
Erie  &  Western,  Chicago,  Burlington  &  Quincy,  and  other  roads,  where 
very  low  car  resistances,  running  down  to  from  2^  to  4  lbs.  per  ton,  have 
been  indicated,  with  little  variation  as  an  effect  of  speed. 

These  latter  tests  alone  would  leave  the  question  open  to  much  doubt, 
since  they  do  not  include  any  of  the  head  or  engine  resistances,  which 
it  high  speeds  become  more  important  than  any  other,  but  the  tests 
^riven  in  Fig.  154  include  ALL  resistances  and  lead  to  the  same  conclusion 
so  clearlv  as  to  be  unmistakable. 

620.  The  peculiar  manner  in  which  the  Eames  and  American  resistance 

lines  on  curves  cross  each  other,  as  shown  by  the  fol-  . 

"^  a  0  c 

lowing  sketch,  may  appear  to  indicate  that  there  is 
something  wrong  in  the  computed  results.  This  is  by 
00  means  so.     The  anomaly  may  be  thus  explained  : 

{a)  Each  train  was  made  up  of  25  cars  from  the  same  road  and  built  nearly  at 
the  same  time. 

(b)  All  freight  cars  are  roughly  built.  The  axles  are  not  likely  to  be  pre- 
cisely  parallel,  except  by  accident.  To  have  the  axles  enough  out  of  parallel  to 
precisely  fit  a  i '  curve  requires  that  the  wheel-base  shall  be  only  y^^  part  longer 
on  one  side  than  the  other,  or  ^  in.  A  lot  of  cars  built  at  one  time  are  very 
likely  to  have  the  error  all  on  one  side. 

(r)  Resistances  a  and  c  (see  sketch  above)  were  on  curves  turning  to  the  right; 
resistance  b  was  on  a  curve  turning  to  the  Uft. 

If.  therefore,  the  American  train  curved  most  easily  to  the  right,  resistances 
a  and  r  would  be  abnormally  low,  or  very  near  the  tangent  rate,  and  resistance 
h  abnormally  high:  while,  if  the  contrary  was  the  case,  with  the  Eames  train  re- 
sistance a  and  c  would  be  abnormally  high,  and  resistance  b  abnormally  low,  or 
well  down  toward  the  tangent  rate. 

Whether  this  or  other  cause  led  to  the  variation,  it  is  certain  that  it  was  an 
actual  one.  and  the  fairer  plan,  therefore,  seems  to  be  to  take  the  average  of  both 
trains.     The  throttle  of  each  engine  was  absolutely  tight. 
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621.  The  experiments  by  the  writer  recorded  in  Appendix  A  were 
made  by  the  same  general  method  as  those  just  described,  and  were  the 
first  in  which  the  very  low  train  resistances  for  trains  in  motion  which  are 
now  generally  admitted  were  observed.  They  indicated  that  the  normal 
magnitude  of  the  rolling- friction  at  speeds  of  lo  to  30  miles  per  hour  was: 

For  passenger  and  loaded  freight  cars,  .     .    •    .    ^    •    .  4  lbs.  per  ton 

For  empty  freight  cars  and  other  light  loads,      ....  6    " 

For  street  cars  and  other  still  lighter  loads, 10    " 

For  freight  trucks  without  load, *4    " 

The  starting-friction  is  very  much  higher,  rising  to  over  20  lbs.  per 
ton  in  some  cases.     (See  Appendix  B.) 

622.  Some  experiments  on  train  resistance,  both  on  curves  and  tan- 
gents, made  in  1885  on  the  Breslau-Schmoltz  line  in  Germany,  apparently 
in  an  accurate  and  careful  manner,  but  covering  only  the  resistance  of 
cars  behind  the  tender  and  dynamometer  car,  gave  still  lower  results  than 
these,  as  shown  in  Table  161.  The  tests  covered  also  the  question  of 
remedies  for  oscillation  and  the  advantages  of  a  device  for  radiating  axles 
on  curves,  as  to  which  nothing  important  was  developed.  The  resist- 
ances are  noticeable  as  being  among  the  lowest  ever  reported  for  similar 
speeds.  Similar  tests  on  the  Freiburg-Sulzbrunn  line,  with  the  same 
apparatus  and  by  the  same  individuals,  gave  somewhat  higher  average. 

Modem  evidence  to  the  same  general  purport  as  that  which  precedes 
might  be  multiplied  almost  indefinitely,  but  it  appears  needless  to  do  sa 

623.  We  may  conclude,  therefore,  as  to  freight-train 
resistance — 

I.  The  particular  velocity  adopted  is  wholly  unimportant, 
both  because  it  makes  absolutely  but  little  difference  in  the 
resistance,  and  because,  if  the  resistances  are  mounting  too  high 
for  the  power  of  the  engine,  the  speed  can  always  be  cut  down 
at  critical  points.     The  total  work  in  foot-pounds  done  to  move 


Table  161. 
Resistance  of  European  Cars  (16  to  23  ft.  rigid  wheel-base). 

[Reported  in  full  in  the  Railway  Engineer^  Dec.  1884  tt  stq,    ResMtance  in  Pounds  Per  Ton. 


Spkrd 

Radiating  Axlks. 

FixvD  Axles. 

MUes  Per  Hour. 

Limits. 

Averafre. 

Limits. 

12.4 
21.8 

28 

2.0     to   3.75 
3.97  to  4.19 

5.07 

2.65 
4.08 
5-07 

2.42  to  3.75 

3.97  to  4.85 

6.17 

3.09 

4.19 
6.17 
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the  trmio  is  not  affected  enough  to  have  any  measurable  effect  on 
the  cost  of  power  (see  par.  664). 

2.  The  normal  tangent  freight-train  resistance  in  summer, 
ENGiNB  AND  ALL  INCLUDED,  is  often,  and  perhaps  usually,  as  low 
as  4  lbs.  per  ton,  up  to  speeds  as  high  as  25  miles  per  hour,  run- 
ning down  in  cases  to  3  lbs.  and  even  less ;  and,  on  the  other 
hand,  rising  in  cases  as  high  as  6  or  8  lbs.  per  ton  when  the  cars 
are  in  bad  order,  or  against  a  head  or  side  wind,  or  (as  we  are 
about  to  see)  at  winter  temperatures;  these  latter  figures  being 
a  fair  working  maximum  for  freight  service. 

Four  pounds  per  ton  will  make  a  difference  of  some  2400  lbs.  in  tractive  re- 
sistance with  an  average  train  of  25  cars,  which  will  use  up  the  adhesion  of  4.8 
tons  of  weight  on  drivers,  or  12  to  20  per  cent  of  the  total  load. 

624.  It  IS  entirely  uncertain  how  much  of  the  so-called  rolling- friction  is 
journal-friction,  and  how  much  rolling-friction  proper.  The  present  proba- 
bilities are  that  most  of  it  is  journal-friction.  Experimental  determination  of 
ihe  rolling-friction  proper,  apart  from  all  journal-friction,  is  a  matter  of  the 
greatest  difficulty,  and  has  never  been  attempted.  Journal-friction  has  been 
far  more  thoroughly  investigated  within  the  last  few  years,  but  until  then  the 
laws  of  it  also  had  been  but  little  investigated,  and  what  investigation  had  been 
made  was  largely  erroneous. 

629i  By  some  singular  chance, — probably  the  beautiful  simplicity  of  the  laws 
developed,  which  only  lacked  correctness  to  make  the  laws  of  friction  very 
easily  understood, — some  experiments  made  by  M.  Morin,*  a  French  officer  of 
artillery,  in  1831,  obtained  almost  universal  acceptation  as  a  final  determination 
of  the  laws  of  friction.     There  is  even  at  the  present  day  (1885)  hardly  a  single 
text-book  of  engineering,  at  least  in  English,  in  which  these  laws  are  not  laid 
down  as  facts,  yet  they  are  now  generally  admitted  to  be  entirely  incorrect. 
They  were  in  substance  that  the  coefficient  of  friction  was  independent  both  of 
the  pressure  and  of  the  velocity,  so  that,  once  determined,  it  was  universally 
applicable.     The  range  of  the  experiments  was  very  limited,  and  Morin  himself 
disclaimed  any  extension  of  them  beyond  the  range  of  his  experiments;  but  it  is 
clearly  proven  that  there  are  no  limits  nor  conditions  under  which  his  laws  are 
approximately  true,  since  the  coefficient  varies  materially  both  with  pressure 
^nd  velocity,  with  both  lubricated  and  unlubricated  surfaces,  and  with  tempera- 
ture and  other  conditions  as  well ;  as  notably  with  the  character  of  the  surface, 
which  makes  any  general  coefficient  of  *'  iron  on  iron,"  or  "  iron  on  brass,"  for 
example,  rather  worse  than  useless. 

♦  •*  Nouvelles  Experiences  sur  le  Frottemcnt.  Faitcs  ^  Metz  en  1831.'  Par 
Arthur  Morin,  Capitaine  d'Artillerie.  128  pp.,  4',  plates.  Secondc  M6moire. 
1832,  103  pp.,  4*,  plates.     Troisi^me  M6moire,  1833.  142  pp.,  4*,  plates. 
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636.  Prof.  R.  H.  Thuiston  was  among  the  first,  if  not  the  first,  to  ditcofer 
and  announce  the  true  laws  of  friction,  in  1876-78,  having  made  a  large  number 
of  experiments  on  an  ingenious  machine  of  his  invention.  The  writer,  in  the 
summer  of  [S7S,  made  a  series  of  tests  of  rolting-slock  resistances,  sunimariied 
in  Appendix  A,  by  droppinR  cars  down  grades  and  registering  veloei lie*  elet- 
trically,  in  which  he  believes  he  was  the  first  lo  discover  and  announce  the 
in  coefficient  for  loaded  and  empty  cars  and  the  aggregates  of  4,  6, 
lbs.,  above  mentioned,  which  at  the  lime  appeared  quite  without  prece- 
i  Prof.  Thurston's  results  were  not  at  that  time  generally  Icnowo,  and 
3t  at  all  known  to  the  writer.  A  large  number  of  dynamometer  tests 
nus  roads  were  made  shortly  after,  and  in   (act  were  then  ia  prt^jren. 


1  less  for  loaded-ct 
e  less  carefully  determined.     Shortly 

thereafter  Mr,  C.  J.  II.  Woodbury  began  tests  ot  great  interest  for  mill-work, 
which  give-^ti'ingciinfirmalory  evidence  of  the  above  results  ai  respect*  the  gen- 
eral laws  (i(  friction,  alihounh  not  direclty applicable  to  railroad  practice.  Finally, 
in  If  ^3-4  Mr.  Heauchamp  Tower  made  a  series  of  elaborate  and  remarkable 
tests  under  the  .-luspices  ot  the  Institution  of  Mechanical  Engineers,  which 
appear  to  have  been   the  first  made  in  England  of  a  character  to  reveal  the 
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Tori  of  Morin's  results.     The  Germans  and  French  do  not  appear  to  have 
lown  their  usual  scientific  activity  in  this  matter. 

627*  All  these  modern  results  agree  in  essentials  with  each  other,  although 
»aie  have  covered  results  not  touched  by  the  others.  Their  general  results 
id  indications  are  summarized  in  Appendix  B.  Mr.  Woodbury's  results*  begin 
ith  the  lowest  pressures,  and  are  shown  in  Table  162,  and  graphically  in  Fig. 
;$.  For  the  very  reason  that  this  diagram  is  for  pressures  lower  than  ever 
xor  in  normal  railroad  practice,  it  is  particularly  interesting,  since  it  furnishes 
check  on  the  conclusions  which  have  been  reached  by  other  experimenters 
)erating  within  the  limits  of  railroad  practice  only,  by  beginning  as  it  were  at 
e  foundation,  and  showing  the  law  of  change  in  journal-friction  from  i  lb.  per 
oare  inch  of  journal- pressure  upwards.  There  has  been  added  Jbelow  the 
agram  a  line  showing  the  equivalent  in  pounds  per  ton*of  train  resistance  to 
e  abstract  *'  coefficients  of  friction'*  given,  as  being  a  unit  better  suited  for  our 
imediate  purpose. 


Table  162. 

IKFFICIKNTS    OP     FRICTION     WITH     VeRY     LoW     PRESSURES,     AND      EFFECT 

THEREON   OF  TEMPERATURE. 

[Abstracted  from  records  of  tests  of  C.  J.  H.  Woodbury.] 


Total  Friction  at  Tbmpkra- 

■hnssuKB 

COBFFiaBNT 

or  FwcnoM. 

TURB 

of — 

Per  Cent  of 

ut  Sq.  In. 

too*  to  4o». 

40». 

ioo». 

4o». 

xoo*. 

lbs. 

lbs. 

I 

.538 

.138 

.538 

.138 

25.6 

3 

.299 

.080 

.598 

.160 

26.8 

3 

.211 

.060 

.633 

.180 

28.5 

4 

.167 

.050 

.668 

.200 

30.0 

5 

.140 

.044 

.700 

.220 

31.3 

6 

.122 

.039 

.732 

.234 

32.0 

7 

.109 

.036 

.763 

.252 

33.0 

8 

.098 

.034 

.784 

.272 

34.7 

9 

.090 

.032 

.810 

.288 

35.7 

10 

.084 

.030 

.840 

.300 

35.8 

15 

.063 

.025 

•945 

.375 

39-7 

20 

.053 

.023 

1.060 

.460 

43.3 

25 

.046 

.021 

1. 150 

.-525 

45-7 

30 

.041 

.020 

1.230 

.600 

48.8 

35 

.038 

.019 

I  330 

.665 

51. 1 

40 

.035 

.018 

1.400 

.720 

51-5 

*  For  complete  paper,  which  is  full  of  interesting  information  on  friction, 
le  "Measurements  of  the  Friction  of  Lubricating  Oils,"  by  C.  J.  H.  Woodbury, 
rans.  Am.  Soc.  M.  E.,  1884-85. 
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628i  The  diagram  is  especially  useful  to  afiford  some  indication  as  to  the 
comparative  train  resistance  in  winter  and  summer,  as  to  which  there  are  do 
experimental  records.  Since  the  diagram  fixes,  as  it  were,  a  superior  limit  for 
the  friction  of  railroad  journals,  we  might,  on  studying  it,  fairly  draw  three 
conclusions  : 

I.  Since  friction  can  in  no  case  be  less  than  zero,  lines  representing  all 
possible  loads  on  railroad  journals  must  lie  in  the  narrow  space  at  the  left  of 
the  diagram  between  the  zero  line  and  that  for  40  lbs.  per  square  inch  pressure, 
which  is  the  last  given.  This  means  that  all  railway-journal  friction  ought  to 
lie  between  these  narrow  limits  : 

Temperature  of  Coefficient  of  Pounds  per  ton  train 

journal.  friction.  resistance. 

40"*  Fahrenheit o  to  .035  0107.0  lbs. 

100'' Fahrenheit o  to  .018  0103.6  lbs. 

This  closely  corresponds  with  the  result  of  all  the  latest  tests,  which  show 
from  3i  to  6  lbs.  per  ton  resistance. 

629.  2.  Within  the  temperature  limits  of  40*  and  100*,  the  effect  of  the 
higher  temperature  is  to  decrease  materially,  and  of  the  lower  temperature  to 
increase  materially,  the  amount  of  loss  by  friction.     At  40  lbs.  per  square  inch 
the  friction  is  nearly  twice  as  much  at  the  lower  temperature,  while  at  still 
lower  pressures  of  i  to  10  lbs.  per  square  inch  it  is  from  three  to  four  times  as 
much.     Extending  the  indications  of  these  tests  to  the  higher  pressures  of  rail- 
way practice,  we  might  expect  that  the  effect  of  a  fall  of  temperature  in  the 
journals  from  loo**,  which  we  may  call  an  average  summer  temperature,  to  40% 
which  we  may  call  an  average  winter  temperature,  would  be  to  make  journal 
friction  in  summer  and  winter  railway  service  compare  somewhat  as  follows : 

Loaded.  Empty. 

Summer,  as  shown  by  various  tests,  say 4  'bs.  6  lbs. 

Winter  (not  directly  shown  by  any  tests),  say 5i  ^o  ^  lbs.         8  to  9  lbs. 

630.  Whether  this  conclusion  be  true  or  not  cannot  be  proven  by  direct 
evidence,  for  lack  of  recorded  train-resistance  tests  which  have  been  made  in 
cold  weather,  but  the  circumstantial  evidence  that  some  change  of  this  kind 
takes  place  is  very  strong.  Among  such  evidence  is  one  small  fraction  of  the 
series  of  tests  by  Mr.  Beauchamp  Tower,  above  alluded  to,  for  determining  the 
effect  of  temperature  on  journal-friction.  The  loads  and  journal-speeds  in  this 
case  closely  paralleled  railway  practice,  but  the  lubrication  was  vastly  more 
efficient,  being  by  a  hath  of  lard-oil.  Lard-oil  is  affected  by  temperature  much 
as  are  ordinary  railroad  lubricants,  but  the  superior  method  of  lubrication, 
in  addition  to  giving  rates  of  friction  which  are  far  below  the  possibilities  of 
railway  practice,  would  be  likely  to  have  the  effect  of  exaggerating  the 
beneficial  effect  of  high  temperature,  since  the  more  perfect  the  supply  of 
oil,    the   greater  might  be  expected  to   be  the  advantages  of  great  fluidity. 
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Nevertheless,  with  these  allowances  remembered,  some  of  Mr.  Tower's 
results,  as  summarized  in  Table  163,  are  very  instructive.  Translating  co- 
efficienu  of  friction  into  pounds  per  ton  of  train  resistance,  as  in  Fig.  155, 
by  multiplying  them  by  200,  and  translating  the  journal-speeds  into  train- 
speeds  by  multiplying  by  10  (these  methods  being  approximate  only,  but 
sufficiently  exact),  we  have  in  Table  163  some  very  definite  indications  of  the 
effect  of  temperature  on  axle-friction. 

631*  To  draw  any  positive  conclusions  from  this  table  we  must  make  a  cer- 
tain "scientific  use  of  the  imagination,"  by  making  allowances  both  in  the 
temperatures  and  in  the  observed  friction  for  the  difference  in  manner  of 
lubrication.    As  these  allowances  might  or  might  not  be  correct,  we  will  not 
attempt  them;  but  it  is  clear  that,  be  the  allowances  thus  made  what  they  may, 
these  results  support  the  general  conclusion  strongly,  that  the  external  tem- 
perature of  the  air  may  have  a  most  important  influence  on  the  normal  rolling- 
friction,  as  do  experiments  by  Professor  Thurston  and  others.     On  the  other 
iiaad,  there  are  many  experiments  which,  at  least  in  appearance,  would  tend 
to  controvert  these  conclusions,  for  one  has  only  to  look  long  enough  to  find 
experimental  records  to  support  or  controvert  almost  anything.     But  such  con- 
troverting evidence  is  in  this  case  not  abundant,  nor  of  the  highest  class,  and 
as   a  general  rule  the  apparent  discrepancies  all  result  from  two  apparent 
Anomalies  which  are  in  no  respect  inconsistent  with  what  has  preceded : 

1.  At  a  certain  temperature  not  far  above  loo*"  Fahr.,  and  with  some  fluid 
oils  below  it,  the  law  changes,  and  increase  of  temperature  causes  a  rapid  in- 
crease of  resistance. 

2.  At  very  slow  speeds,  especially  when  combined  with  very  high  pressures, 
the  law  often  changes,  and  a  higher  temperature  has  an  injurious  effect, 
apparently  because  a  certain  viscosity  is  necessary  for  efiScient  lubrication 
under  such  circumstances. 


Table  163. 
Effect  of  Temperature  on  Journal  Friction. 

[Dedaoed  froai  tctu  of  Bcauchamp  Tower;  bath  of  lard  oil;  load,  100  lbs.  per  sq.  in.  (about 

that  of  an  ordinary  empty  freight-car  journal.)] 


Pounds  Pbr  Ton  op  Train  Resistance  at  Speeds  in  Miles 

Per  Hour  of^ 

Train  speed.. 

At  lao*  Fahr. 
At  6o*  Fahr. . 

8.8 

0.48 
1. 18 

13.2           17.6 

0.58          0.70 
1.68          2.06 

21.9 

0.80 

2.38 

26.3 

0.88 
2.60 

35.1 

1.02 
2.96 

39-5 

1.08 
3.12 

EHfference.. 

0.70 

I. 10.. 

1.36 

1.58 

1.72 

1.96 

2.04 
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632f  Zero  temperatures  are  not  favorite  ones  for  dynamometer  experi- 
ments, but  experience  in  the  running  of  trains  in  winter  and  summer  indicates 
in  the  most  positive  manner  that  summer  trains  must  be  cut  down  by  two  to 
four  cars  in  winter,  or  say  lo  to  15  per  cent,  in  order  to  run  them  at  all.    This 
practice  has  not  become  universal  without  some  real  necessity;  but  it  is  more 
difficult  to  account  for  the  necessity  than  is  generally  realized,  for  some  of  the 
explanations  which  are  given  will  certainly  not  hold  water,  as  pointed  out  in 
par.  345.     It  need  only  be  added,  that  the  loss  by  radiation   from  the  loco- 
motive will  hardly  explain  any  part  of  this  need  for  cutting  down  trains,  since 
the  difference  between  winter  and  summer  temperatures  is  a  small  and  unim* 
portant  one  to  the  locomotive,   though  a  very  important  one  to  the  bomas 
body. 

633i  Let  us  see  how  radical  is  the  difference  in  its  effect  on  them,    t^t 
human  body  can  manage  to  sustain  for  a  short  time  a  temperature  of  say  40' 
below  zero,  or  138°  below  its  natural  temperature,  and  it  can  do  this  ofily 
when  **  lagged  "  with  skins  and  such  like,  to  the  last  degree  of  perfection,  ^^ 
every  exposed  point.    The  boiler  is  subjected  to  an  equally  unpleasant  extreine 
of  temperature  when  the  external  temperature  is  350  —  138  =  212°  Fahren- 
heit,  or  just  hot  enough  to  cause  water  to  boil  in  the  open   air.     To  get  a 
fair  parallel,  we  must  consider  how  much  warmer  the  average  man  would  tlmink 
it  with  the  temperature  140**  below  zero  than  when  it  was  down  to  200"*  belo'v 
zero.     It  is  not  probable  that  he  would  find  that  the  difference  was  of  g^^^ 
consequence. 

To  be  sure,  the  fire  inside  the  boiler  is  more  eflicient  than  the  fire  insi^ 
the  human  body,  but  the  demands  on  it  are  greater  and  the  difference  * 
winter  and  summer  less.  The  average  winter  temperature  of  Pittsburgh,  (-^ 
example,  is  about  38*"  and  the  average  summer  temperature  72  degrees,  so  thi^-^ 
we  have  as  the  difference  between  the  inside  and  outside  temperature  of  tl^^ 
boiler — 

In  winter 350*  —  38'  =  31a* 

In  summer 350*  —  72*  =  278* 

Difference 34**  34** 

or  about  11  per  cent. 

This  difference  is  far  too  small  to  explain  the  necessity  for  any  material 
difference  in  winter  and  summer  loads.  Assuming  that  as  much  as  20  per  cent 
of  the  heat  generated  is  lost  by  external  radiation,  which  is  a  large  estimate, 
not  more  than  2  per  cent  difference  of  load  could  be  accounted  for  in  this  way. 

634.  We  seem  driven,  therefore,  as  a  net  result  of  all  the  preceding,  to  this 
interesting  and  important  conclusion,  to  directly  support  which  there  is,  as 
already  stated,  little  or  no  experimental  evidence,  although  the  circumstantial 
evidence  in  favor  of  it  is  very  strong :  that  a  difference  in  the  rolling-friction 
of  cars  is  the  chief  reason  why  trains  must  be  cut  down  in  winter.     As  this 


CHAP,   XIII.—FREIGHT^  TRAIN  RESISTANCE.  509 

probably  results  from  difference  of  temperature  of  the  journals,  and  this  again 
Tom  radiation  from  the  boxes  of  the  heat  which  the  journals  are  constantly 
^aerating,  and  as  radiation  can  be  checked  by  a  very  slight  covering  which 
vill  hold  a  little  dead  air  around  a  hot  metallic  surface,  we  have  in  these  facts 
ndications  which  might  lead  to  the  important  practical  conclusion  that  some 
rery  slight  covering,  which  would  merely  check  radiation  from  the  journal- 
boze<  somewhat,  might  have  an  appreciable  effect  on  the  loads  which  can  be 
bauled  in  severe  cold  weather. 

639.  In  Appendices  A  and  B  will  be  found  further  and  more  detailed  infor- 
mation as  to  the  laws  of  journal-friction,  and  especially  as  to  the  important 
question  of  starting  trains.  The  normal  journal-friction,  under  favorable  con- 
ditions, as  determined  in  various  series  of  tests,  is  summarized  in  Appendix 
B  as  follows,  for  velocities  greater  than  10  miles  per  hour,  or  90  ft.  per  minute^ 
oamal-speed: 

Lt>s.  per  ton. 
Beanchamp  Tower,  bath  of  oil o. 278 

'*  "        pad  or  siphon 1.9 

Thurston,  light  loads 2. 75 

*'         heavy  loads 1.75 

Wellington  (gravity  tests  of  cars  in  service),  light  loads. . .  6.0 

"  **       heavy  loads..  3.9 

"  direct  tests  (as  shown  in  Appendix  B) \  ^'^ 

Thurston,  inferior  oils  ("  Friction  and  Lubrication," p.  173)  ]  1'q 
Morin,  continuous  lubrication 6.0  to  10.8 

636i  The  great  discrepancies  in  these  results  will  be  seen  to  point  directly 
to  one  conclusion — that  the  character  and  completeness  of  lubrication  seems  to 
be  immensely  more  important  than  the  kind  of  the  oil,  or  even  pressure  and 
temperature,  in  affecting  the  coefficient  of  friction.  Mr.  Tower  found  that 
lubrication  by  a  bath  (whether  barely  touching  the  axle  or  almost  surrounding 
it)  was  from  six  to  tfn  times  more  effective  in  reducing  friction  than  lubrication 
by  a  pad.  By  immersing  the  journal  in  a  bath  of  oil  Mr.  Tower  succeeded  in 
reducing  the  coefficient  in  a  large  number  of  tests  to  as  low  a  point  as  o.ooi— 
equivalent  to  only  0.2  lb.  per  ton  of  tractive  resistance;  and  the  general  average 
in  the  bath  tests,  under  all  varieties  of  load  and  speed,  is  given  as  only  0.00139, 
or  0.278  lb.  per  ton,  against  1.96  to  1.95  lbs.  per  ton  with  stphon  lubricator, 
dr  pad  nnder  journal.   These  results  are  very  far  below  any  heretofore  reported. 

637*  The  overmastering  effect  of  minute  differences  in  the  condition  of  the 
Ubrication  was  curiously  shown  in  two  ways  in  Tower's  experiments : 

I.  It  was  accidentally  discovered  that  with  bath  lubrication  the  bearing  is 
ictnally  floated  on  a  film  of  oil  between  the  lubricated  surfaces,  which  is  so  truly 
I  fluid  that  it  will  rise  through  a  hole  in  the  top  of  the  bearing  in  a  continuous 
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stream  and  exert  a  pressure  against  a  gauge  equal  to  more  than  twice  ^lie 
average  pressure  per  square  inch  on  the  bearing.  This  is  precisely  what  theoiy 
would  require  if  the  lubricant  were  a  perfect  iSnid. 

2.  Tower's  apparatus  required  that  the  journal  should  be  revolved  first  oae 
way  and  then  the  other.     It  was  found  that  the  friction  was  always  greater 
when  the  direction  of  motion  was  first  reversed.     The  increase  varied  consid- 
erably with  the  newness  of  the  joumaL     '*  Its  greatest  observed  amount  was  at 
starting,  and  was  almost  twice  the  nominal  friction,  and  it  gradually  diminished 
until  the  normal  friction  was  reached,  after  about  ten  minutes'  continuous  ma- 
ning.    This  increase  of  friction  was  accompanied  by  a  strong  tendency  to  heat, 
even  under  a  moderate  load.     In  the  case  of  one  brass  which  had  worked  for  a 
considerable  time  it  almost  entirely  disappeared."    It  is  with  apparent  justice 
concluded  that  the  phenomenon  must  be  due  to  the  interiocking,  point  to  point, 
of  the  suriace  fibres  after  having  been  for  some  time  stroked  in  one  direction. 

638i  It  appears  not  impossible,  therefore,  that  a  great  further  reduction  in 
the  axle-friction  of  trains,  as  well  as  a  great  saving  of  oil,  may  result,  within 
a  few  years,  from  the  adoption  of  something  better  than  the  crude  and  wasteful 
axle-box  which  is  now  common.    The  objections  to  it  are : 

1.  It  leaks  badly  at  the  back,  around  the  axle,  letting  oil  out  and  grit  in. 
Therefore — 

2.  The  oil  has  to  be  frequently  renewed,  requiring  a  loose  lid  in  front,  from 
which  more  oil  escapes  and  more  grit  gets  in. 

From  this  it  very  naturally  results  that  in  spite  of  the  large  expense  of  about 
a  cent  per  train-mile  (Table  78)  for  oil  there  is  often  very  little  of  it  where  it  is 
wanted,  and  that  dirty  and  gritty  ;  while,  on  the  other  hand,  the  ties  and  road- 
bed  are  saturated  with  it  from  one  end  of  the  United  States  to  the  other. 

639.  In  Figs.  156-159  is  shown  a  French  oil-box  which  obviates  many 
of  these  objections  and  has  made  the  very  remarkable  record  given  below. 
The  Germans  have  similar  oil-boxes  in  extensive  use.  The  oil  reservoir  is 
entirely  below  the  axle,  so  that  oil  cannot  escape,  and  it  is  supplied  to  the  bear- 
ing by  a  pad  fed  by  wicks.  Could  an  oil-tight  stuffing-box  be  used  at  the  back 
of  the  box,  and  the  box  be  kept  completely  full  of  oil,  it  is  more  than  probable 
that  even  greater  reduction  of  axle-friction  and  waste  of  oil  would  follow. 

The  lower  half  of  these  boxes  is  furnished  inside  with  a  partially  horizontal 
diaphragm  in  the  portion  toward  the  wheel,  for  the  purpose  of  preventing  the 
forcing  out  of  the  oil  by  violent  side  blows.  They  have  proved  so  efficient 
that  the  consumption  of  oil  has  fallen  from  2.3  ounces  per  zooo  miles  to  less 
than  one  fourth  that  amount  (41*25  grammes  per  1000  kilometres  to  9.93)— a 
most  remarkable  showing,  and  a  marvellotis  contrast  to  the  results  obtained 
here.  The  dust  guard  is  formed  of  five  to  six  thicknesses  of  fluffy  woollen 
cloth,  held  between  two  leather  diaphragms  by  screws  like  those  used  for 
shoe  soles.    The  diaphragms  are  in  halves,  and  are  pressed  up  against  the 
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.axle  hj  tieet  spring*  behind  ibcin.  and  the  teatben  oa  opposite  aide*  of  each 
baUdiaphTBgm  break  joints  wilh  those  on  the  other  half. 

Tba  oiling:  ciuhlon  in  this  bos  has  its  oiling  plush  Gnnljr  tacked  to  a  beech 


Pica.  1)6-1)4.— Stahdaid  Iouhhal-box  ar  thi  BASmH  Railwav  of  Prahci. 
block,  and  to  this  plush  are  fastened  several  little  tufts  projecting  above  its 
■njfaceand  keeping  the  plush  from  matting  down  by  too  hard  preisure  against 
the  journal.     The  plnsb  is  of  ivool  with  a  long  silky  warp. 

640.  The  important  question  of  the  comparative  resistances  in  start- 
ing trains  is  discussed  so  fully  in  Appendices  A  and  B  that  it  appears  un- 
necessary to  devote  space  to  a  repetition  of  the  same  matter  here.  From 
all  the  fact*  there  given  the  following  conclusions  may,  it  is  believed,  be 
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1.  The  resistance  at  the  beginning  of  motion  in  each  journal  is  equal 
(as  before  stated)  to  about  20  lbs.  per  ton,  or  say  1 5  lbs.  per  ton  over  tbe 
average  friction  in  motion.     Except,  therefore,  for  the  elasticity  of  tbe 
springs  or  the  equivalent  effect  of  the  "  slack  "  which  always  exists  m 
freight  trains,  enabling  the  cars  to  be  set  in  motion  one  at  a  time,  such 
trains  as  are  usually  hauled  could  not  be  started  at  all  by  the  locomotive. 

2.  A  velocity  of  0.5  to  3  miles  per  hour,  or,  as  an  average,  2  miles  per 
hour,  must  be  attainted  before  the  journal-friction  falls  to  10  lbs.  per  ton, 
or  5  lbs.  above  the  average  motion. 

The  average  during  this  period  may  be  taken  at  12  lbs.  per  ton. 

3.  At  6  miles  per  hour  the  journal-friction  is  at  least  i  lb.  per  ton 
higher  than  at  usual  working  speeds.  The  average  journal-friction  be- 
tween 2  and  6  miles  per  hour  may  be  taken  as  at  least  7,\  if  not  3  lbs. 
per  ton  higher  than  the  normal. 

4.  During  the  period  of  getting  up  speed,  the  normal  law  of  accelera- 
tion of  velocity  is  so  interfered  with  by  the  varying  coefficient  of  friction 
that  the  velocity  attained  at  any  given  point  may  be  rudely  taken  as 
directly  proportional  to  the  distance  run,  so  that  the  increase  of  velocity 
would  be  more  correctly  represented  graphically  by  a  right  line  than  by 
the  parabola  tangent  to  the  horizontal  line  of  normal  velocity  in  motion 
which  theory  requires. 

641  •  Assuming  these  facts,  we  having  the  following  conditions  in  a 
freight  train  which  is  so  heavily  loaded  that  it  may  be  assumed  to  have 
to  run  3340  ft.,  or  ^  of  a  mile,  to  acquire  a  velocity  of  10  miles  per  hour. 

1.  The  average  velocity  will  be  under  5  miles  per  hour  and  the  time 
occupied  over  7.6  minutes. 

2.  The  increased  tractive  force  needed  merely  to  accelerate  the  speed 
will  be  2  lbs.  per  ton ;  since  communicating  that  velocity  is  equivalent 
(Table  1 18)  to  lifting  the  train  through  3.34  ft.  vertically,  and  jy^  =  0.10 
per  cent  grade  =  a  resistance  of  2  lbs.  per  ton. 

3.  For  the  first  one-fifth  of  this  distance,  or  668  ft.,  the  total  demand 
upon  the  tractive  power  is — 

2  lbs.  per  ton  for  acceleration. 
12  lbs.  per  ton  for  extra  rolling-friction.  * 

14  lbs.  total  additional  tractive  resistance,  equal  to  a  grade  of  a 70,  or 
37  ft.  per  mile. 

4.  For  the  next  1336  ft.  the  total  demand  upon  the  tractive  power  is 
similarly  found  to  be  4. 5  to  5  lbs.  per  ton  over  the  normal,  equivalent  to 
the  effect  of  a  0.225  to  0.25  per  cent  grade,  or  12  to  13  ft.  per  mile. 
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642.  These  grades,  therefore,  represent  the  reduction  at  stations  or 
itopping-places  which  it  is  essential  to  make  to  fully  and  certainly  equal- 
re  the  demands  upon  the  tractive  power  of  locomotives  while  in  motion 
md  when  getting  under  way.  The  fact  that  such  heavy  reduction  of 
j^de  at  stations  may  be  said  never  to  exist,  while  yet  such  heavy  trains 
ire  hauled,  is  due  in  part  to  the  use  of  sand  in  starting,  in  part  to  the 
^eater  starting  traction  which  is  realized  in  practice  from  the  same 
iverage  cylinder  pressure  (see  end  of  Appendix  B),  and  in  part  to  the  fact 
that  the  full  adhesion  of  the  locomotive  is  not  used  up  on  the  open  road 
;par.  557).  To  utilize  to  the  utmost  the  power  of  locomotives,  and  to 
nake  the  hauling  of  heavy  trains  easy,  such  reductions  are  the  first 
hing  which  should  be  attended  to  in  laying  out  a  new  road  or  in  improv- 
ng  an  old  one. 

Wherever  possible  the  reduction  of  grade  at  stations  should  be  liberal, 
ince  there  is  in  no  case  danger  of  having  it  too  great  for  convenience. 
)n  the  other  hand,  when  the  lower  grades  at  stations  are  only  obtainable 
t  the  certain  cost  of  higher  grades  between  stations,  then  it  becomes 
ecessary  to  be  more  cautious,  although  the  tendency  will  always  be  to 
ave  the  starting  resistances  the  true  limiting  cause. 

643.  Effect  of  Size  of  Wheel  and  Journal. — Theoretically,  the  less 
he  diameter  of  the  journal  and  the  larger  the  diameter  of  the  wheel  the 
ess  the  axle-friction.  The  standard  diameter  of  car-wheels  in  America 
5  33  inches,  with  a  very  few  only  (chiefly  on  the  Baltimore  &  Ohio  lines) 
>f  30  inches,  and  with  a  still  smaller  but  increasing  number  of  42- inch 
vheels  in  passenger-car  service.  The  weight  of  the  latter  is  more  than 
double  that  of  33-inch  wheels  (say  1200  lbs.  against  550,  as  an  average) 
and  their  primary  purpose  is  to  promote  easy  riding  of  cars. 

The  Master  Car-Builders*  Association  standard  journal  is  3J  x  7 
inches,  giving  a  nominal  bearing-surface  (the  horizontal  mid-section)  of 
26t  sq.  in.  A  very  few  4  x  8-inch  journals,  giving  32  sq.  in.  bearing,  are 
in  use  for  cars  carrying  very  heavy  loads,  and  a  very  lar^e  but  decreasing 
number  smaller,  down  to  as  small  as  3Jx6,  giving  19.5  sq.  in.  of  bearing. 

The  maximum  loads  which  are  carried  in  practice  on  these  journals, 
allowing  eight  per  car,  may  be  estimated  as  follows  : 


JOUKNAL. 

Square  Inches  Area. 

Maximum  Load. 

Load  Per  Square 
Inch. 

(azimum,  4    X8 

undard,     3f  X  7 

linimum,  3i  X  6 

32       X  8  =  256 
26^     X  8  =  210 
19.5  X  8  =  154 

64,000 
52,500 
38,500 

250  lbs. 
250  •• 
250  *• 

33 
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As  an  average  of  Che  entire  service  of  the  car  these  loads  wi!)  hafdlf 
in  any  case  exceed  200  lbs.  per  sq.  in.,  but  they  will  often  run  up  to  i!» 
lbs.  This  pressure,  however,  is  very  unequally  distributed,  being  great- 
est  (about  twice  the  average)  at  the  top  of  the  journal  and  running  down 
to  nothing  at  the  sides.  The  bearing,  in  fact,  for  this  and  other  good 
reasons,  is  never  made  to  cover  the  whole  semicircular  top  of  the  jour. 
nal.  For  example  there  are  only  21.94  s<l-  in-  o^  bearing-surface  in  the 
American  standard  journal-bearing  against  36^  sq.  in.  in  the  section  of 
the  journal  itself. 

644.  The  only  purpose  in  increasing  the  size  of  the  journal  is  to  di- 


6.  Cen  Ire  of  axle.   (Thestacdan 

iuledi&n 

a  little  from  Uji»,t»perii.e 

noretowvd 

Ihe  centre.) 

7.  Flange. 

8.  Jaumal-box. 

i 

WM  ^_^^ 

^^mM     '"■  1™"'"!-™^'™'- "■ '"""■-"'"""«' '^''> 

^K^l'        »     lmin.nl 

I^JH         55.  Whed-tread. 

^^^          57.  Wheel-pUte. 

Tic,  1(0,— Uevii.  Form  or  Ahikicah  Cah-wkui,,  Jouidial,  ahd  Joo 
[;]  11  Ibc  wxalled  <tiii/-t'"<r,iirarlKee,l  the  axle,  vimaaiti  t>f  m  iMt,  tv—n  ilia^^mmrf 
of  wood,  leaiber.  or  vulciaiied  ribrc.  which  ii  illpped  In  from  above  thnmcb  ■  ilot  In  the  can- 
InR  not  shown  in  tlie  cut  lin  which  rcspeci  it  ii  incorrect),  and  conacitnut  (he  oaljr  proteelna 
aesinitibe  eacape  of  oil  at  the  back.  The  oil  (reelr  etcapea  ihrouKli  Ihladnn  nard  BBtU  it  ha* 
dTainfd  out  in  far  below  ihe  level  of  tlie  under  >ide  of  the  aile  that  there  ii  no  wn  naEBiK,] 

minish  the  pressure  per  sq,  in.  so  as  to  prevent  heating.     Experieace  baa 
amply  shown  this  10  be  necessary,  with  such  lubrication  at  ii  attained  in 
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America,  because,  although  99  per  cent  of  the  car  mireage  may  be  said 
to  be  made  with  journals  in  good  order,  and  in  fact  with  surfaces  in  a 
high  state  of  perfection,  yet  the  inconvenience  and  danger  resulting  from 
possible  heating  of  the  remaining  one  per  cent  is  the  important  thing  to 
obviate.  In  France  and  Germany,  where  much  more  carefully  con- 
structed axle-boxes,  insuring  far  more  reliable  lubrication,  are  in  use 
than  here,  as  shown  in  Figs.  1 56  to  1 59,  far  higher  pressures  are  likewise 
in  use,  without  evil  results,  up  to  fully  double  American  practice,  and  with 
great  economy  of  lubricants ;  but  the  crude  form  of  axle-box  usual  in 
this  country,  shown  in  Fig.  160,  permits  fully  nine  tenths  of  the  oil  sup- 
plied to  the  journal  to  drip  out  upon  the  track  before  it  has  done  much 
service. 

645.  The  coefficient  of  train  resistance  due  to  axle-friction 

coeff.  of  fric.  x  diam.  of  axle  ,        ^.       ,  ^         ,    ,  . 
=s -^. 7 — |- — J (see  Fig.  161),  and  this  x  2000  or  2240 

-=.  journal  train  resistance  in  lbs.  per  ton.  With  the  same  axle,  therefore, 

by  increasing  the  diameter  of  the  wheel 

from  33  to  42  in.  we  should  decrease  ^^^  "x^ 

axle-friction  to  f|  of  its  former  amount,  ^  ^^ 

or  about  \.     With  the  same  wheel,  the  /  \ 

comparative  axle-friction  is  directly  as  I  ^SKfeAA^flML^ 

the  diameter  of  the  journal.  \  J 

646t  If  the  average  journal-friction  \^         ^/ 

in  motion  be  taken  at  4  lbs.  per  ton,  the  ^  — 

larger  wheels,  therefore,  will  save  about  ^'®*  ***• 

0.8  lb.  per  ton  of  rolling-friction,  but  they  will  add  possibly  10  per  cent 
to  the  weight  of  the  car,  and  therefore  to  grade  resistance.  Hence, 
wherever  the  grade  resistance  exceeds  about  8  lbs.  per  ton  (=  that  on  a 
04 per  cent  grade;  21  feet  per  mile),  the  use  of  42-inch  wheels  is  a  losing 
operation,  so  far  as  mere  train  resistance  in  motion  is  concerned,  but 
there  still  remains  as  a  net  gain  the  improvement  in  riding  qualities  of 
the  cars  and  in  ease  of  starting — both  very  important  gains. 

647>  Many  circumstances  indicate  that  the  rolling-friction  proper,  between 
the  rail  and  wheel,  is  an  element  of  considerable  importance  in  the  aggregate 
•of  the  so-called  "rolling  friction."  One  is  the  known  and  great  effect  of  the 
-condition  of  the  track  on  the  resistance.  It  is  probably  largely  due  to  this 
cause  that  modern  determinations  of  rolling-friction,  both  in  this  country  and 
abroad,  are  so  much  below  what  was  formerly  the  assumed  average.  Another 
is  the  ordinarily  very  perfect  condition  of  railway  journals  and  the  very  low  co- 
efficients which  have  been  obtained  by  Thurston,  Tower,  and  others  for  journal- 
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friction  proper,  as  above  given.  Another  is  the  high  tractive  coefficients  of 
wheeled  vehicles  with  very  small  axles  and  very  large  wheels  on  the  most  per- 
fect roads.  On  the  other  hand,  the  close  correspondence  of  the  laws  of  varia- 
tion in  rolling  and  journal  friction,  together  with  the  laws  of  variation  in  jour- 
nal-friciisn  only,  seem  to  indicate  quite  the  contrary.  Thus,  in  both  cases,  as 
the  load  or  the  velocity  decreases  the  coefficient  of  resistance  increases,  and  at 
about  the  same  rates  (see  Appendix  B). 

648i  A  plausible  argument  may  be  made  to  show  that  no  theoretical  loss 
whatever  exists  from  the  compression  of  a  perfectly  elastic  substance,  such  as 

a  rail  may  be  assumed  to  be,  and  to  a  great 
extent  the  permanent  way  as  a  whole,  under  a 
rolling  load.     In  Fig.  162,  the  compression  at 
any  point  of  the  surfaces  in  contact,   wher- 
ever it  may  be,  is  proportional  to  ordi  nates 
from  the  line  CC  to  the  periphery  of  the  wheel 
P,    The  elastic  resistance  is  in  proportion  to 
these   ordinates,  and  the  semi-segments  FF 
represent  in  magnitude  and  position  the  total 
elastic  forces  operating  to  retard  and  to  accelerate.     The  resultants  R  and  R 
of  these  parr.llel  forces  must  pass  through  the  centre  of  gravity  of  these  semi- 
segments  F  and  /*,  and  must  each  be  equal  to  half  the  total  load  resting  on  the 
wheel.     It  appears  to  follow  clearly  from  the  figure  that  the  moments  of  these 
accelerating  and  retarding  forces  are  equal,  so  that  they  neutralize  each  other. 

The  error  in  this  reasoning  is  in  part  that  at  high  speeds  the  element  of 
TIME  comes  in  to  modify  the  elastic  resistances,  increasing  that  in  front  of  the 
wheel  because  it  must  be  set  in  motion,  and  decreasing  that  behind  the  wheel 
because  the  elastic  resistance  requires  time  to  act,  and  hence  cannot  follow  up 
the  wheel  with  its  full  force.  In  part  the  error  is  that  any  irregularity  of  sur- 
face causes  an  irregularity  of  motion  which  is  known  to  very  seriously  affea 
both  wear  and  tear  and  friction. 

Any  attempt  to  determine  theoretically  the  amount  as  well  as  the  nature  of 
this  loss  would,  of  course,  be  impracticable. 

649.  The  work  of  Josef  Grossman,  Engineer  of  the  Austrian  Northwestern 
Railroad,  on  "  Lubricating  Materials  and  Metals  for  Bearings"  (Wiesbaden, 
1885),  treats  its  subject  with  a  good  deal  of  elaboration,  historically  and  ana- 
lytically, and  among  other  matters  discusses  quite  fully  the  question  of  train 
resistance,  although  not  always  with  correctness  and  good  judgment.  His 
results  indicate,  however,  that  the  axle-friction  is  at  any  rate  a  very  small 
element.  In  this  connection  he  cites  a  remarkable  result  of  some  Bavarian 
experiments,  in  which  by  greasing  the  rails  on  the  curve  of  100  metres  (337  ft.) 
radius  a  reduction  of  the  total  curve  resistances  of  96  per  cent  was  attained:  61 
per  cent  of  the  total  resistance  due  to  the  curve  disappearing  when  the  iitmiP 
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td£e  of  the  head  of  the  outer  rail  was  greased,  and  31  per  cent  more  when  the 
other  rail  was  greased. 

The  strildog  correspondence  of  these  experimental  results  with  those  de- 
duced theoretically  in  pars.  301-320  et  seq,  is  notable. 

THE  VELOCITY  RESISTANCES. 

650.  The  best  evidence  that  we  have  warrants  the  all  but  universal 
assumption  that  train  resistance  varies  as  the  square  of  the  velocity,  or 
that  its  equation  is  of  the  form 

R  :sfv^  +  e. 

This  is  still  merely  assumption,  not  only  as  respects  train  resistance  aa 
a  whole,  but  as  respects  each  separate  constituent  element.  Air  resistance, 
for  example,  is  known  by  observations  on  projectiles  to  vary  more  nearly 
as  the  cube  of  the  velocity,  when  the  latter  is  very  great ;  but  at  all  ordi- 
nary velocities  it  appears  to  vary  very  nearly  as  the  square,  and  as  re- 
spects oscillatory  resistance,  we  know  absolutely  that  the  amount  of  de 
structive  work  (or  of  any  other  kind  of  work)  which  a  train  is  capable  of 
doing,  either  by  a  dead  or  glancing  blow,  is  directly  as  the  square  of  the 
velocity.  These  two  elements  constituting  together  the  ordinary  "  ve* 
locity  resistance,"  it  is  but  natural  to  conclude  that  the  aggregate  also 
varies  as  the  square  of  the  velocity,  and  all  but  certain  that  it  does,  al- 
though it  may  very  easily  be  as  z/***,  or  «/***,  or  even  «/*••,  or  may  fluctuate 
between  these  powers  at  various  speeds  or  according  to  circumstances. 
There  have  been  various  formulae  put  forth,  and  some  of  them  on  very 
high  authority,  differing  widely  from  this  form,  some  of  them  giving  the 
velocity  resistance  directly  as  v,  and  others  (only  one  of  which  is  known 
to  the  writer)  as  z^,  but  both  of  these  assumptions  lead  to  absurd  results 
when  extended  to  very  high  speeds,  and  are  unquestionably  erroneous. 

651.  One  instance  of  the  former  (as  respects  the  train  behind  the  engine)  is 
given  in  par.  662.  On  the  other  hand,  a  formula  deduced  from  Bavarian  experi- 
ments in  1876,  on  a  large  and  costly  scale,  reported  by  the  late  Baron  von 
Weber  in  a  somewhat  informal  paper,*  led  to  the  most  absurd  results,  not 
necessary  to  detail  here. 

652.  As  a  rule,  no  attempt  is  made  in  train-resistance  formulae  to 
separate  the  aggregate  velocity  resistance  into  its  constituent  elements, 
although  in  some  cases  they  are  in  such  form  as  to  assert  or  imply  that 
the  velocity  resistance  is  either  all  oscillatory  or  all  atmospheric  A 
formula  devised  by  Mr.  Wm.  H.  Searles,  which  has  been  adopted  as  the 


♦  See  Railroad  Gazette,  June  11,  July  16,  i88a 
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basis  for  the  computations  of  this  volume  as  having  a  truly  wonderful 
range  of  application  to  all  speeds,  conditions,  and  classes  of  trains,  even 
if  it  is  not  precisely  correct,  is  open  to  the  sole  serious  objection  (and 
that  chiefly  theoretical)  that  it  in  effect  assumes  all  velocity  resistance  to 
be  oscillatory,  or  uniform  per  ton,  regardless  of  the  form  of  the  cars  (see 
pars.  657-8) ;  while,  on  the  other  hand,  formulae  proposed  by  Mr.  0. 
Chanute  (in  Haswell's  "  Pocket- Book ")  are  distinctly  based  on  the 
assumption  that  the  velocity  resistance  is  wholly  atmospheric.  Both 
of  these  assumptions  are  unquestionably  erroneous,  although  which  is 
most  so  must  remain  doubtful. 

653.  The  writer  has  conducted  the  only  tests  as  yet  made,  and  known 
to  him,  which  have  been  distinctly  directed  to  the  end  of  determining 
the  amount  of  each  element  of  train  resistance  separately,  and  owing  to 
the  delicacy  of  the  apparatus  by  which  they  were  made,  and  the  extreme 
care  used  in  computing  them,  he  believes  them  (with  perhaps  a  natural 
bias)  to  be  still  the  most  trustworthy  indication  in  that  respect.  These 
experiments  are  given  in  full  in  Appendix  A,  and  their  general  results  are 
shown  graphically  in  Fig.  163,  their  most  striking  feature  being  perhaps 
the  positive  evidence  that  atmospheric  resistance  is  at  least  a  less  pro- 
portion of  the  velocity  resistance  than  is  commonly  assumed,  and  that 
the  resistance  arising  from  oscillation  and  concussion,  whatever  its  exact 
cause  and  nature,  is  a  materially  more  important  element. 

654.  Nevertheless,  there  is  a  fact  tending  to  disprove  these  conclu- 
sionS)  viz.,  the  enormously  greater  indicated  power  of  locomotives  at 
high  speeds  than  that  transmitted  backward  to  the  train  as  determined 
by  a  dynamometer.  Table  164  gives  one  record  illustrating  this  fact— a 
test  trip  of  a  fast  express  train  on  the  New  York  Central  &  Hudson  River 
Railroad,  made  by  Mr.  P.  H.  Dudley,  in  which  it  will  be  seen  that  only 
some  45  per  cent  of  the  indicated  power  passed  back  of  the  dynamome- 
ter-car to  the  train  at  53  miles  per  hour.  Figs.  164,  165,  giving  the  re- 
sults of  some  elaborate  French  tests,  show  a  still  higher  proportion  of  en- 
gine-friction. Other  tests  of  the  kind  show,  according  to  the  speed,  from 
40  to  75  per  cent.  The  whole  subject  is  still  involved  in  much  obscurity 
and  doubt,  but  Figs.  164.  165  and  Table  165  will  illustrate  how  very  im- 
portant an  element  the  head  resistance  is  at  high  speeds. 

655.  According  to  the  best  evidences  which  the  writer  has 
been  able  to  secure,  the  ordinary  working  maximum  of  train  re- 
sistance, under  somewhat  adverse  conditions  as  respects  wind 
and  surfacing  of  track  and  rail,  may  be  considered  to  be  not  un- 
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Table  I64i 
Train  Resistance  of  Heavy  and  Fast  Passenger  Trains. 


Wbight  or  Train. 

ise  00  driven 34.0 

entruck za.o 

6Kt :.... 

ec  day-coaches 65.  ± 

ileeping-coachcs 185.  ± 


Tons. 


36.0 
37.0 


350.0 
3»3  o 


Train  surted  from  a 
state  of  rest.  Average 
speed  in  motion.  53  miles 
per  hour.  Slight  undu- 
lating grade  of  3  to  13 
ft.  per  mile,  the  effect 
of  which  is  corrected  be- 
low. 


Total  weight  of  train 

X  34  Americam  engine.    6  fL  drivers,  135  lbs.  steam  pressure 

luccd  from  records  of  dynamometer  tests  by  P.  H.  Dudley  on  New  York  Central  ft  Hudson 
River  Railroad,  Rept.  Am.  Ry.  M.  M.  Assoc.,  1883,  p.  133.] 


er- 

'  Aver- 
age 

Vel.- 
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118). 
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Dyn. 
Work 
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Effert 

of 

Grade. 

Vert.  ft. 

Do.  ± 
Effect 

of 

Speed. 

Vert.  ft. 
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ages 
Vert.  ft. 

Equivaukmt 
,    Resistance. 
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Spoed. 

Per 
Mile. 

Grade 
p.  c. 

Lbs. 
p.  ton. 

I 
a 

ao 

38. 

68 
3« 

15.30 
53.10 
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45  32 

33-03 

8.43    ; 

3 

4 

43 

47 

90 
34 
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6.74 

Mr.  Dudley  found  the  traction  in  starting  to  be  11.000  to  12,000  lbs,  for  the  first  100 

00  feet,  failing  to  2800  to  3000  lbs.  at  50  miles  per  boor.    The  oonsamption  of  steam 

water  per  mile  was  : 

Ai  135  lbs.  pressure,  300  to  333  lbs.  water, 

40  to   50  lbs,  coal. 

=  7,5  to  6^  los.  water  per  lb.  coal. 

He  notes  that  Swiss  and  German  locomotives  carry  165  to  180  lbs.  as  a  rale 

es  as  high  as  325  lbs. 

The  total  horse-power  developed  by  the  engine  is  given  in  the  same  taiie 

tamometer  record,  but  computed  and  not  ofaserred.     The  c/jmyulMir/D.  Ix 

Ts  to  be  one  based  on  Mr.  Dudiey*s  own  investigation-f.     It  %Yif/w%  a  ua^  r^-nfrO'.'wr 
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developed  of  750  to  800  H.  P.,  and  taking  the  average  for  the  four  miles  13-16,  on  which 
the  grade  was  level  and  the  speed  uniform,  we  obtain  : 

Average  speed,  miles  per  Avenige  horee-power  expended  on— 

hour,  5I-43-  Train.  Engine.  Total.  P.  c  cnff. 

340  436  766  S5-6x 

lt)s.  lbs.  lbs. 

Equivalent  total  traction  resistance 3,479  3,106  5,585  (s  |  adhesion.) 

Ditto,  in  lbs.  per  ton    9.93  49-a5  i7*8 

This  is  considerably  lower  than  Table  166  indicates,  which  is  about  30  lbs.  per  ton; 
but  one  possible  explanation  of  this  discrepancy  is  that  Mr.  Dudley's  table  does  not  wakr^ 
rant  his  declaration  that  *'at  50  miles  per  hour  the  traction  was  2800  to  3000  lbs.,"  but 
indicates  only  2500  lbs.  This  difference  alone  would  add  iH  to  2  lbs.  per  ton  to  the 
resistance. 

Mr.  Dudley's  engine  and  head  resistance,  as  an  average  of  all  his  record  (not  all  given 
here),  amounts  per  engine  to  0.83  F«  lb.  The  writer's  tests  (see  Appendix  A  and  Fig. 
165)  give  a  somewhat  smaller  result  for  the  engine  resistances,  viz. : 

Lt)s.  per  engine. 

For  head  resistance o.38F« 

For  oscillation  and  concussion 0.35F* 

Total o.63^«  +  4  to  8  lbs.  per  ton  constsnL 

By  comparison  of  a  variety  of  evidences,  however,  the  writer  believes  that  0.83  V%  lb. 
comes  very  close  to  giving  the  actual  total  velocity-resistance  of  the  engine  at  high  q>eeds, 
and  the  rapid  inroads  which  this  rate  makes  on  the  power  of  the  engine  is  shown  in 

Table  165. 

fairly  expressed  by  the  single  formula  of  Mr.  Wm.  H.  Searles 
just  referred  to  and  given  below.  For  the  more  favorable  con- 
ditions it  gives  unquestionably  far  too  high  resistance  ;  as  for 
example,  for  a  train  of  313  tons,  as  in  Table  164,  at  50  miles  per 
hour,  it  gives  a  tractive  resistance  of  30  lbs.  per  ton  for  the  en- 
tire train,  or  9390  lbs.  total  tractive  resistance,  equivalent  to  1280 
horse-power,  whereas  the  actual  horse-power,  as  given  beneath 
the  table,  was  less  than  800.  Further  evidences  to  the  same  ef- 
fect are  given  in  par.  659  et  seq.^  below  ;  but  the  ratios  of  the 
resistances  at  various  speeds  are  of  more  practical  importance 
than  their  absolute  amount,  and  these  will  not  be  afifected  im- 
portantly by  any  reduction  in  the  latter.  Moreover,  nearly  all 
our  experimental  evidence  is  based  on  observations  taken  under 
the  most  favorable  conditions  for  low  resistance,  and  in  the  case 
of  European  tests  with  trains  of  much  smaller  cross-section  and 
with  cars  much  nearer  too^ether.  The  bounding  rectangles  of  the 
average  American  and  European  passenger  cars  (a  fairer  basis  of 
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Cnflni  •(•«. 


Fic  X64.— Vaxiation  in  Rssistancb  /Vr  Ton 
pos  Vauous  Loads. 


SOlbntUttf. 


• 


.Mil0B  per  Hour. 


Fig.  16s.— 'Variation  in  T^^/o/  Tkaction  for 
Various  Loads. 


.«.. I '..J, 

a«  do 

Mi/9Sp9FHour. 


French  Tests  of  Train  Resistance  at  Low  Velocities. 

[From  Annales  des  Fonts  et  Chaussits^  May,  1886.     **  Etudes  Djrnamcm^trique/*  par 
Desdoint,  Ing.  de  la  Marine,  adjoint  a  I'lng^nieur  en  Chef  du  Materiel  et  de  la  Trao 
D  des  Chemins  de  Fer  de  I'^tat.] 

The  paper  showed  resistances  at  low  ordinary  speeds  of —  Lbs.  per  ton. 

ssenger  trains,  40^''  wheels,  :^  X  7"  axles,  4  tonnes  per  axle,  •      .      .      •    j  ?'  f  3«i 

eight  •'  "  "  5        ""••••    Ijo  1 3-^ 

Temperature  of  axles  53.6*  Fahr. 

At  still  lower  velocities  of  5  ft.  per  second  (3^  miles  per  hour)  the  resistance  varied 
im  4.4  to  5.4  lbs.  per  ton,  this  being  in  fact  due  to  the  lower  journal  speed,  as  observed 
the  writer  in  his  tests  (par.  640  et  seq.  and  App.  A  and  B),  and  not  at  all  to  their  being 
raleurs  toutes  exag^r^  comme  on  va  la  voir,"  as  suggested  in  M.  Desdoint's  paper. 
Trains  of  300  tonnes,  with  70-tonne,  4-coupled  engine,  showed  a  mean  resistance  of 
I  Ibc  per  ton. 
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Velocity  Resistances. 
The  following  grades  were  found  to  approximately  equalize  the  velocities  at  varioas 


speeds,  with  short  trains : 

Miles  per  hour, 
o     to  i8^ 
i8H  to  37 
37     to  so 
50     to  69 

See  also  par.  447. 


Grade  per  cent. 

o  to  0.5 

0.5  to  i.o 

z.o  to  1.5 

Z.5  to  a.o 


Bquivalent,  lbs.  per  too. 

10 

10  to  20 

aoto  JO 

JO  to  40 


comparison  than  the  precise  cross-section  area)  compare  aboat 
as  follows: 

American, 10  X  14  ft.  =  140  sq.  ft. 

European, 8  X  12  "     =    96     ** 

656.  When  we  further  remember  that  the  car- bodies  of  Ameri- 
can cars  are  separated  by  over  six  feet  from  each  other  because 
of  the  platforms,  and  that  the  trucks  are  still  more  widely  sep- 
arated ;  and  when  we  remember  further  that  foreign  engines  have 
no  cabs,  and  a  smaller  cross-section  generally — the  foreign  cvL- 


Table  166. 

Engine  Head- Resistance  at  High  Spbbd. 

[According  to  the  formula  i?  =  0.83  V*  (see  foot-note  to  preceding  table)  in  which  R  •■ 

TOTAL  resistance  of  the  engine.] 


Spbrd. 

MiLSS 

Pbr  Huur. 

Total  Head 

Resistance. 

Lbs. 

Hone- 
Power. 

Lbs. 

Per  Ton 

of  Train 

(313  Tons). 

10 

83 
332 

747 
1328 

2075 
2988 
4067 

2.213 
17.71 

59-77 
141.67 
276.70 
478.20 
759-30 

.266 
1.06 
2.38 

4.25 
6.64 

9.58 
13.05 

20 

"lO 

JV ......... 

AO 

CO 

60 

70 

/v. ........ 

Since  the  resistance  in  pounds  increases  as  the  square  of  the  speed,  the 
demanded  will  necessarily  increase  as  the  cube  of  the  speed.     It  takes  a  very 
engine  to  maintain  a  speed  of  70  miles  per  hour  on  a  level  for  any  distance,  and  no 
can  do  it  long,  with  no  train  whatever  behind  it.     As  the  horse-power  cofresponds 
correctly  to  the  conditions  at  this  maximum  speed  it  must  necesmily  correspond 
correctly  with  the  facts  at  the  lower  speeds.     See  end  of  par.  664. 
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icDce  below  given  (par.  660  et  seq.)  seems  to  rather  support  than 
iisprove  the  resistances  given  by  the  formulae  summarized  in 
Fable  166  below,  although  nominally  smaller. 

657.  It  has  therefore  seemed  best  to  use  as  the  basis  for  all 
xain-resistance  computations  in  this  volume  the  formula  above 
cfcrred  to  (par.  652),  proposed  by  Mr.  Wm.  H.  Searles  in  his 
'  Field-Book,"  since  this  formula  in  a  single  simple  equation 
eems  to  approximate  very  closely  to  what  experiment  indicates 
:>  be  an  ordinary  working  maximum  for  the  resistance  of  trains 
f  all  classes,  at  all  speeds,  and  with  all  forms  and  weight  of  cars. 
I  is  recommended,  with  justice,  by  Mr.  Searles  as  accomplishing 
lis  end,  in  the  following  words: 

'*  It  is  an  empirical  formula,  based  upon  a  careful  investigation  of  all 
ich  records  of  experiments  on  the  subject,  several  hundred  in  number,. 
s  have  come  under  the  author's  notice,  and  is  believed  to  give  results 
grreeing  closely  with  the  average  experience  and  practice  of  the  present 
ay.  It  is  designed  to  give  the  resistances  per  ton  for  all  trains,  whether 
reight  or  passenger,  and  at  any  velocity,  under  ordinary  circumstances. 
Accidental  circumstances,  such  as  the  state  of  the  weather,  and  the  con* 
lition  of  the  road-bed,  rails,  and  rolling-stock,  may  largely  modify  the  re- 
iistance,  but  these,  of  course,  are  not  taken  account  of  in  the  formula." 

The  formula  (simplifying  its  form  somewhat)  is  as  follows 
for  veloifities  in  miles  per  hour: 

\verage  resistance  of  entire  train  in  lbs.  per  ton  of  2240  lbs.,  for 
all  weights  in  gross  tons, 
_  .        ,  r^«        .  .0006  F*  (wt.  ene.  and  tender)* 

gross  wt.  of  tram 
\vcrage  resistance  of  entire  train  in   lbs.  per  net  ton,  for  all 
weights  in  net  tons, 

R  =  4.82  +  .005357  V^  +  •o°°4783^'(wt.eng  and  tender). 

'        ^^^'        '  gross  wt.  of  train 

This  formula,  with  a  comparison  of  others  below  it,  is  tabu- 
ated  in  Table  166. 

658i  It  will  be  seen  that  this  formula  gives  the  same  result  whether 
I  given  weight  of  train  be  made  up  of  light  empty  box  cars,  weighing 
perhaps  9  tons  each,  or  loaded  coal  cars  weighing  three  or  four  times  as 
much  and  exposing  only  one  third  or  one  half  the  area  to  air  resistance  ,* 
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Tkain  Resistance 


Table  1««. 
•I  A  Law.  AS  AmcTiD  by  Vklocitv, 


Oivin^  vbat  may  be  coosidereci  as  the  ordioarj  worldnf  maxlmnm,  u  Goni|Niled  irim  £ 
general  fonnuU  of  Wu.  H.  SEAkLES,  coinciding  doaelf  with  the  appuent  iiidialk^ 
of  the  most  recenl  leMs,  but  posiibljr  ai  much  u  etu  tUri  tea  Ugk  tot  the  rasstaos 
at  high  speeds  under  favoraUe  comiitiou  ftiar.  655  ef  itq.). 


Frtighl  Tr.in.. 

Total  W.,c;HT 
or  Tbain. 

i^kr?i,. 

Rbista-m  P«  SMOn-  To..,  r    — ^ 
V»U)ciriBs:  Mil»s  PiiiHot^^ 

a 

Short 

10 

IS 

20 

u 

ICV 

87= 

4^8.+     .04.8J;; 

1-7! 

II 

'1:2 

i:;; 

14" » 

U:S 

i:L 

1      i 
T,:      -5 

"    ;;  40    ;;     ;; 

f>H»ns.rTr.iH. 

nt.T:;: 

» 

u«]oo  of 

RE^iaTAHCt  pg„  Shoot  Toh  roi 
VBLoemn;  Milu  P»  HofK. 

AKRIl'.''KB«Ct»l 

Long 

s:." 

pJlES., 

iS 

30 

15 

30 

40 

50 

<0 

i<im=»'> 

'".nv."';c.„: 
:;  ::  ,' :: 

SO 

56 

*■,?* 

;:s;;g 

u.os 

|:!i 

"i 

lo'i 

Si 
14.411 

J6."S 

1 

11,70 
Vi.6. 

[».14 

11 

34.8. 

For  resistances  and  formulae  per  long  ton.  add  I3  per  Cant, 

Weight  of  cars  ta^n  at  15  long  tons,  j6,ooo  lbs.  eacb,  loaded. 

Any  of  the  formuUe  compared  on  the  following  page  give  practicalljr  idendcal 
except  thai  Mr.  Chanule's  formulf  (enracted  from  the  new  edition  of  Hwwell'i  ■■ 
Book"),  although  corTect  for  the  tiains  probably  toted,  vis.:  patngei'  tnini 
velocities  and  fieight  trains  al  low  velocities,  give  the  nsistanoe  of  frei^t  tnlat 
s  at  only  H  to  H  as  much  per  t< 
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in  other  words,  it  attaches  no  weight  whatever  to  atmospheric  resistance 
and  the  form  of  the  train.  The  writer's  experiments  (Fig.  163)  indicate 
positively  that  this  is  more  nearly  true  than  is  generally  suspected,  but  in 
going  to  such  an  extreme  the  formula  is  unquestionably  defective.  It 
would  seem  also  to  be  theoretically  defective — or  if  not  that,  certainly  to 
go  a  long  way  beyond  experimental  authority — in  multiplying  one  im- 
portant term  of  the  equation  by  the  square  of  the  weight  of  engine.  No 
theoretical  justification  for  this  is  apparent.  The  constant  for  rolling- 
friction,  4.8  lbs.  per  ton,  is  also  a  little  too  high  for  loaded  trains, 
although  fair  for  a  mean  between  loaded  and  empty. 

But  with  all  these  minor  imperfections  the  formula  is  certainly  one  of 
wonderfully  exact  application  to  a  wide  range  of  trains,  from  an  engine 
running  light  to  the  longest  freight  trains,  and  at  all  speeds.  The  writer 
maybe  overmuch  disposed  to  look  on  it  with  favor,  since,  as  examination 
of  Fig.  165,  Appendix  A,  and  Table  165  will  show,  it  could  hardly  agree 
better  with  all  the  conclusions  of  his  own  tests,  made  in  1879,  had  it  been 
based  on  them  alone ;  yet  the  comparison  given  in  and  below  Table  166 
with  the  formulae  given  by  Mr.  O.  Chanute  in  Haswell's  "  Engineer's 
Pocket-Book"  shows  that  it  compares  equally  well  with  some  other 
modern  formulae.* 

A  variety  of  further  evidence  as  to  the  absolute  amount  of  train  re- 
sistance at  high  speed  is  given  below  : 

659.  The  tests  of  Mr.  J.  W.  Hill  on  an  American  freight  train  at  slow 
speeds,  given  in  Tables  146-7  and  Fig.  115,  check  very  closely  with  the  formula. 
Mr.  Hill's  tests  were  on  a  freight  train  weighing  782.94  tons  in  all,  with  an  engine 
and  tender  weighing  55.72  tons.  The  observed  and  computed  resistances  com- 
pare as  follows: 

Resistance  in  Lbs.  Per  Too. 

Velocity  in  Miles 

Per  Hour. 

17.23 

22.67 

23.00 

The  observed  resistances  should  be  reduced  5  to  10  per  cent  for  the  internal 
friction  of  the  locomotive.  They  indicate  that  the  formula  is  substantially  cor- 
rect at  slow  speeds,  but  increases  too  fast  with  speed. 

660.  Mr.  Stroudley's  tests  on  a  train  weighing  335.7  tons  of  2240 lbs.  gross. 


Observed. 

Computed. 

7.57 

6.97 

727 

8.54 

7.55 

8.66 

*  The  examples  of  the  application  of  these  formulae  to  various  trains  given 
in  the  above  "  Pocket- Book"  contain   some   serious  errors  which  are  liable  to 

deceive. 
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with  an  engine  and  tender  weigh ing;6o. 05  tons  of  2240  lbs.  (Fig.  123)  should,  ac- 
cording to  Mr.  Searle's  formula,  have  had  the  following  resistance: 

^  =  5-4  +  .012445  V^ 

=  5-4  +  833i- 
For  40  miles  per  hour  this  gives  25.3  lbs.  per  ton,  which  amounts  to  906 
liorse-power,  whereas  the  average  horse-power  is  recorded  as  only  529  horse- 
power, and  the  maximum  shown  by  any  diagram  was  668;  but  then  the  draw- 
bar traction  on  the  same  train  is  given  as  an  average  of  4477  lbs.,  which  at  the 
average  speed  of  44.3  miles  per  hour  foots  up  528  horse-power  (13.36  lbs.  aver- 
age traction)  transmitted  through  the  draw-bar  to  the  train  alone,  excluding  all 
engine  and  head  resistance.     If  the  latter  bore  anything  like  the  ratio  to  the 
■car  resistance  that  it  does  in  Fig.  165,  the  total  resistance  should  have  been 
fully  up  to  what  Mr.  Searle's  formula  gives. 

661.  The  Engineer  {K^xW  ^,  1884)  states  it  to  be  a  figure  *' accepted  by  lo- 
■comotive  superintendents/'  that  with  a  total  train-load  of  336  long  tons  the  train 
resistance  at  60  miles  per  hour  is  40  lbs.  per  ton,  which  corresponds  closely  to 
Table  166. 

662.  In  a  French  paper  on  the  subject  of  train  resistance  and  economy  of 
grades*  we  have  the  following  formula  given,  which  appear  to  have  been  deduced 
from  very  carefully  made  tests  : 

"  The  resistance  of  an  engine  and  tender  is  given  by  the  formula 


^  =  3.3  +  '^-^-+  I— I, 

'       1000    '     >20  / 


in  which 

E  =  Indicated  tractive  force  in  kilogrammes, 

R  =  Resistance  per  tonne  in  kilogrammes, 

y  =  Velocity  in  kilometres  per  hour. 

"  For  the  train  hauled  we  have 

y 

40 

For  a  speed  of  80  kilos,  per  hour,  which  is  very  nearly  50  miles  per  hour. 

and  calling  2  lbs.  per  ton  =  i  kilo,  per  tonne,  as  it  is  almost  exactly,  we  have 

from  this  formula  for  the  train  tested  by  Mr.  Dudley  (Tables  146-7) : 

Per  Ton.  Total. 

For  engine  resistance 60  lbs.  3»78o  lbs. 

For  train  resistance 8   "  2,000 


<« 


Total  (for  313  tons) 18.5  lbs.        5.780  lbs. 

— I - —  

*  ''Notice  sur  les  Prix  de  Revient  de  la  Traction,  et  sur  les  Economies  r6ali- 
s6es  par  I'Application  de  Diverses  Modifications  aux  Machines  Locomotives. 
Par  M.  Ricour,  Ing^nieur  en  Chef  des  Ponts  et  Chaussees,"  Annales  des  P.  et 
C,  Sept,  1885. 
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This  corresponds  very  closely  to  what  we  have  just  deduced  (Table  164) 
from  Mr.  Dudley's  tests. 

663i  Another  French  formula,  based  on  the  experiments  referred  to  beaea.t.Y> 
Figs.  164-165,  gives  still  lower  results,  indicating,  at  50  miles  per  hour, 

For  engine,  tender,  and  rear  car 31.0  lbs.  per  ton. 

For  interposed  cars  ... .   7.1  **  '* 

It  is  stated  in  the  same  paper  that  at  about  18.6  miles  per  hour  the  resi 
ance  is  double,  and  at  31  miles  per  hour  triple,  what  it  is  at  6  to  9  miles,  a 
that  "at  still  higher  velocities  the  increase  is  rapid."    This  is  far  from  t 
for  American  rolling-stock,  and  probably  for  any  other,  up  to  30' or  40  mil 
per  hour,  and  the  exact  figures  given  may  be  rejected  as  untenable,  except  th 
they  may  serve  as  cumulative  evidence  that  the  resistances  at  high  speeds  ar 
not  so  great  as  many  formulae,  including  those  of  Table  166,  give  them,  at  1 
for  European  trains  under  favorable  conditions. 

664i  A  test  was  made  in  1884,  upon  the  Bound  Brook  route,  between  Phi 
delphia  ana  New  York,  to  ascertain  the  difference  in  the  consumption  of  co 
between  an  express  train  running  on  schedule  time  and  the  same  train  run 
a  very  low  speed,  but  otherwise  under  the  same  conditions,  the  same  five  carr 
and  precisely  similar  engines  being  used.     The  trains  ran  in  each  case  fro 
Philadelphia  to  Bound  Brook  and  back,  a  distance  of  119  miles.    The  slow  tri[ 
was  made  in  9  hours  and  23  minutes,  4420  lbs.  of  coal  being  consumed.     Th» 
train  stopped  at  the  same  places  as  the  regular  express  trains,  the  only  unusu; 
feature  of  ihe  trip  being  the  funereal  pace,  averaging  a  little  over  12^  miles 
hour. 

The  performances  compared  as  follows  : 

Speed.  Coal  burned. 

Slow  trip 12^  m.  per  h.     4,420  lbs. 

Fast  trip 50±  "     "  6,725 


(« 


Difference. . .     37A  m.  per  h.     2,305  lbs.  =  34.2  per  cent  saved. 

The  engine  and  tender  weighed  75  tons,  and  the  five  cars  126  tons. 

According  to  D.  K.  Clark's  formula,  R  = \-  8  (for  gross  tons),  the  coob^' 

parative  resistances  at  these  speeds  should  have  been  about  31  to  13^^  lbs.,  of 
more  than  double,  and  this  gives  a  much  less  rapid  increase  with  speed  than 
most  modern  formulae.     (See   Fig.  163.)     By  Table  166  the  difference  should 
have  been  more  than  three  to  one.     This  appears  to  indicate  very  low  velocity 
resistances.     Coal  consumption,  however,  is  but  a  very  vague  guide  to  train  re- 
sistance, it  being  quite  certain  that  the  power  is  developed  more  economically 
at  the  hifjher  speeds.     Still  this  test  certainly  tends  to  show  that  the  resistances 
due  to  speed  are  not  as  great  as  supposed,  as  do  also  the  facts  presented  be- 
neath, Table  164,  Figs.  164,  165,  and  the  tests  already  referred  to  (par.  444)  as 
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on  the  Lake  Shore  &  Michigan  Southern  Railway  (Transactions  Am.  Soc, 
.  Oct,  1876,  p.  344.  •*  Experiments  and  Tests,"  by  P.  H.  Dudley),  in  which 
the  conclusions  reached  were  expressed  as  follows  : 

We  found  that,  with  the  long  and  heavy  trains  of  650  to  700  tons  it  re- 
1  less  fuel  with  the  same  engrine  (Mogul)  to  run  trains  at  18  to  20  miles 
3ur  than  it  did  at  10  or  12  miles  per  hour.  The  engine  at  the  highest 
>f  speed,  seems  to  produce  its  power  more  economically.' 


t> 


Table  167. 
Speed  of  the  Fastest  Trains  in  England  and  America. 

Mr.  E.  B.  Dorsey't  paper  on  "  English  and  American  Railroads  Compared,"  Trani. 

American  Soc.  C.  E.,  1885-6.] 

English  Railways, 


Line. 


n&N.  W 

»4 
it 
tt 

Northern 

t« 

4* 

Western 

n.  Br.  &  S.  Coast 

n,  Ch.  &  D 

id 

N.  H.&H 

ylvania 

I* 

It 

1 

Central  &  H.  R 

>t  tt 

kt  tt 

•*•••■ 

il  of  New  Jersey 

lore  6l  Ohio 


Termini. 


London  to  Liverpool. 
*'         Glasgow.. 


u 


tt 


tt 


tt 


t< 


tt 


Edinburgh  . . . 

Holyhead 

Glasgow 

York 

Edinburgh . .. 

Swansea 

Bristol 

Brighton 

Dover 

Nottingham  . 


Miles. 


201.75 
406 
40X 
364 

444 
188.85 

397 

3X6 

118. 5 

50 
76.5 

135 


Time, 

including 

Stops. 


b.  m. 

4  30 

10  00 

9  55 

6  40 

xo  30 

3  55 


9 
6 

3 

X 
X 

a 


00 
00 
36 
05 
47 
30 


Average 

Speed, 

incl.  Stops. 


44.8 

40.6 

40.4 

39-6 

43 
48.1 

44. « 
36 
45.6 
46.  X5 

43.6 
50 


American  Railways. 


New  York  to  Boston 

Jersey  Ciiy  to  Phila. 

**  Pittsburg. . 

Chicago... 

New  York  to  Albany 

"  Buffalo.... 

**  Chicago... 

Jersey  City  to  Phila 

Baltimore  to  Washington 


234 

89 

443 
91X 

»43 
44« 
980 

90 
40 


6  00 

«  59 

"  45 

85  15 

3  30 

XI  00 

25  30 

3  00 

o  45 


39 

44-9 

37-7 

36.1 

40.9 

40.x 

38.4 

45 

53-33 


lese  runs  are  in  cver>-  ca&t/rom  terminus  tc  *erminus^  which  makes  a  difference  of 
miles  an  hour  from  the  speed  obtained  by  selecting  only  the  most  favorable  parts 
run.     See  summary  on  following  page. 
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The  aggregates  of  the  preceding  tables  compare  as  follows : 

12  English  trains,  averaging  240^  miles  nm  at  43.33  miles  per  hour* 
9  American     **  '*         374^     "         **     4i«7i     "  ** 

Or,  omitting  the  two  long  runs  of  over  900  miles  from  Chicago  to  New  York : 
7  American  trains,  averaging  214  miles  run  at  42.90  miles  per  hour. 

While  this  table  correctly  indicates  that  the  fastest  trains  in  England  and  Amer^ 
make  substantially  the  same  time,  the  average  speed  of  all  trains  is  undoubtedly  coiisid< 
ably  higher  in  England,  owing  chiefly  to  the  fact  that  there  are  almost  no  grade  crossin 
or  highway  crossings,  and  in  part  to  the  shorter  runs,  which  alwajrs  justify  and 
higher  speed  for  equal  convenience. 


665i  According  to  Table  165,  the  difference  ia  the  horse-power  demand 
to  overcome  the  engine  resistances  only  ia  the  Bound  Brook  test  just  mentioai 
would  have  been: 

Trip.  Time  X  Horse-power.       **  Hour  Hone-powerk" 

Slow,     ....    9.4  hours  X      5  H.  P        =47 
Fast,     ....     2.4  hours  X  271.7  H.  P.    =  652 

Total  difference  in  head  resistance,    .     .     .    605 

2305 


The  total  difference  in  coal  consumption  being  2305  lbs.,  we  have 


605 
3.62  lbs.  as  the  coal  burned  per  horse  power  per  hour,  without  making 

allowance  for  the  increased  car  resistance  due  to  speed  on  the  one  hand,  or  f« 

the  greater  economy  with  which  steam  is  used  at  high  speed  on  the  other  han> 

As  3.62  lbs.  is  about  a  fair  rate  of  coal  consumption  under  the  circumstanc 

(rather  high),  these  two  latter  may  have  approximately  balanced  each  other. 

666.  Table  167  shows  the  fastest  regular  trains  in  England  and  Americ 
every  train  on  the  list  probably  reaching  a  speed  of  60  miles  per  hour  on  sh< 
stretches  of  almost  every  run.    The  fastest  trains  do  not  haul  over  125  tons 
train,  but  even  then   they  could  not  probably  make  the  time  they  do  if  t! 
resistances  were  quite  as  high  as  in  Table  166.     When  all  proper  aUowan< 
are  made,  however,  the'  facts  do  not  necessarily  imply  any  materially  lowi 
resistance. 

ENGINE-FRICTION. 

667.  In  computing  train  resistance  it  is  not  essential  to  assume  aiB. 
different  rolling-friction  for  the  engine  than  for  the  cars.     The  tended 
friction  should  of  course  be  the  same,  and  the  engine-truck  friction  suto 
stantially  the  same,  while  for  the  driving-wheel  base  we  have  only 
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consider  the  rolling-friction  between  wheel  and  rail  only,  and  not  the 
journal- friction^  since  the  latter  does  not  tax  the  adhesion  (par.  608). 
The  same  is  true  of  all  the  internal  machinery-friction  of  every  nature 
and  kind  ;  so  that,  as  we  have  plenty  of  steam-power  in  freight  service,  or 
can  have  by  reducing  the  speed,  and  only  lack  tractive  force  in  pounds, 
the  machinery  and  driving-journal  friction  is  of  slight  importance  for 
freight  service,  whether  much  or  little.  For  passenger  service  it  may  be 
of  more  importance,  and  it  will  at  least  be  profitable  to  summarize  the 
evidence  as  to  its  amount. 

668.  The  locomotive  is  a  simple  machine,  and  the  evidence  does  not 
make  it  probable  that  more  than  5  to  8  per  cent  of  its  indicated  power 
fails  to  reach  the  periphery  of  the  drivers.  Ten  per  cent  is  often  allowed. 
In  complicated  low-pressure  compound  engines  the  machinery-friction  is 
10  to  15  per  cent.  In  small  stationary  engines  (Table  168)  the  loss 
ranges  from  12  to  20  per  cent. 

In  16x24  American  locomotives,  the  tests  of  John  W.  Hill  (Tables 
146-7)  show  that  some  13  lbs.  per  ton  of  locomotive  and  tender  was  act- 
ually required  to  propel  it  without  load  at  speeds  of  17  to  23  miles  per 

Table  168. 
Estimated  Cost  of  Power  and  Efficiency  of  Stationary  Engines. 

lAbstracted  from  a  careful  and  detailed  paper  by  Charles  B.  Emery,  Ph.D.,  M.  Am.  So.  C.  B., 

Trans.  Am.  So.  C.  B.,  November,  1883.] 
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6.25 
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5.60 
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20 

12.50 

38 
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18 

18.39 
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15 

33-53 

34 

4.25 
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27 

3.27 
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2.53 
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n.  r. 
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$176.46 

X09.96 

90.14 

7328 

67.38 

5215 

36.03 
38.64 
26.83 
36.01 
25.66 


This  table  is  carried  out  in  the  ij^aper  in  much  more  detail,  but  the  above  are  the  most 
important  data. 
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hour,  whereas  the  average  resistance  of  the  train  behind  it,  at  the  same 
speeds,  was  only  some  6J  lbs.  per  ton.  Assuming  that,  owing  to  the 
greater  weight  on  the  locomotive  drivers,  the  rolling-friction  proper,  be- 
tween rail  and  wheel,  was  at  least  as  much  as  the  rolling  and  axle  fric- 
tion combined  of  the  train  behind  it,  we  may  divide  up  this  i8  lbs.  ap- 
proximately as  follows : 

Lbs.  Per  Ton.    I'otal  Lbt. 

Taxing  adhesion :  ^oXXxn^-ixxoxXon^ 7  392 

"  Head  and  oscillatory  resistance,     .    .  2  112 

Not  taxing  adhesion :  Friction  of  engine  running  light,  4  224 

Assumed  addition  due  to  load,    .  5  280 


<«  <( 


Total 18  1,008 

Actual  average  tractive  pull  (nearly  |  load  on  drivers),     .     .     .      6,250 
Maximum  tractive  pull  in  ordinary  work  (i  weight  on  drivers),    11.200 

This  would  indicate  that  when  the  engine  is  working  fairly  hard  the 
internal  friction  consumes  about  9  per  cent  of  the  indicated  power,  but  it 
is  almost  certainly  too  high.  When  an  engine  is  working  light  and  run- 
ning fast  a  much  larger  proportion  of  the  energy  developed,  up  to 
nearly  \,  would  appear  to  be  used  up  by  internal  friction,  and  no  doubt 
is — a  waste  well  worthy  of  attention,  but  not  of  that  ruinously  injurious 
character  that  an  equal  tax  on  the  adhesion  would  be. 

669i  The  friction  of  the  slide-valve  is  one  of  the  chief  sources  of  loss 
by  machinery-friction ;  but  by  the  rapid  introduction  of  '*  balanced  "  slide-valves, 
^r  those  which  have  the  pressure  excluded  or  counteracted  on  the  top  side  of 
the  slide-valve,  this  loss  is  being  largely  eliminated.  The  slide-valve  exposes  an 
area  of  from  70  to  100  sq.  in.,  averaging  perhaps  90  sq.  in.,  to  the  steam-pres- 
sure in  the  steam-chest,  which  may  be  taken  to  average  at  least  100  lbs.  per  sq. 
in.,  giving  some  9000  lbs.  pressure.  With  good  lubrication  this  pressure  would 
create  no  great  amount  of  friction,  but  with  the  imperfect  lubrication  which 
alone  is  possible,  it  is  far  more  serious.  The  coefficient  is  probably  in  the 
neighborhood  of  o.  i  to  0.2  in  ordinary  working,  causing  a  resistance  to  motion, 
in  both  steam-chests,  of  900  to  iSoo  lbs.  With  5-in.  travel  of  valve  and  50-in. 
drivers  the  slide-valve  travels  about  -}^  as  far  as  the  engine,  which  would  make 

()(X)  to  iSoo 
this  loss  equivalent  to =  say,  55  to  no  lbs.  of  tractive  resistance, 

amounting  to  something  like  i  per  cent  of  the  ordinary  work  done,  which   in 
starting  is  no  doubt  often  much  more. 

Direct  exj)eriments  on  the  Boston  &  Albany  road  gave  a  resistance  to 
motion  of  2100  lbs.  in  starting  under  the  worst  conditions — full  stroke  with 
throttle  wide  open;  while  with  the  Richardson  balanced  slide-valve,  which  is 
one  cjf  the  most  approved,  325  lbs.  sufficed.     When  once  in  motion  it  is  prob- 
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ible  that  the  contrmst  is  much  less  striking,  but  the  saving  in  wear  as  well  as 
resistance  is  so  great  that  balanced-slide-valves  promise  to  be  soon  practically 
universal.  ^ 

670t  Otherwise  than  this  it  is  difficult  to  account  for  any  great  loss  by  fric- 
tion at  any  one  part  of  the  machinery.  Therefore,  since  no  difficulty  is  found 
in  obtaining  correspondingly  favorable  results  with  stationary  engines  of  equal 
power  and  more  complication,  we  may  conclude  with  some  certainty  that  5  to  8 
per  cent  of  the  indicated  power  represents  the  full  extent  of  the  loss  by  ma- 
chinery-friction proper,  in  ordinary  cases. 

671  •  Tests  at  the  works  of  Messrs.  Schneider  &  Co.,  Creusot,  reported  by 
Mr.  M.  F.  Delafield  in  a  notable  paper  published  in  the  Annales  des  Mines  (and 
most  other  scientific  journals  of  the  world),  1885,  made  on  a  22  X  44  in.  Corliss 
engine,  which  could  be  worked  either  condensing  or  non-condensing,  gave  the 
following  relation  of  indicated  and  effective  power: 

Condensing  engines,  effective  H.  P.  =  .902  I.  H.  P.  —  16 
Non-condensing  '*  **  **       =  .945  I.  H.  P.  —  12 

This,  however,  is  not  known  to  apply  correctly  to  other  than  engines  ap- 
proximately similar  to  that  tested,  which  developed  140  to  250  H.  P.  with  about 
x>  revolutions  per  minute,  according  as  it  was  condensing  or  non-condensing. 

672.  Tests  purporting  to  give  very  high  or  low  engine  friction  must  be 
looked  on  with  extreme  scepticism.  There  is  especial  danger  of  error  in  inter- 
preting the  apparent  results  of  such  tests  Thus,  tests  of  an  apparently  very 
siccurate  character  by  the  Locomotive  Superintendent  of  the  Eastern  Railway 
of  France*  show  that  of  the  total  indicated  horse-power  only  42.5  and  41.6  per 
cent  was  delivered  to  the  draw-bar,  in  two  successive  tests,  out  of  which  it  was 
assumed  that  34.2  and  35.6  per  cent  was  consumed  by  the  bare  friction  of  the 
engine  mechanism,  after  deducing  the  assumed  resistance  of  the  engine  and 
tender  considered  as  vehicles.  The  error  lay  in  an  insufficient  allowance  for 
the  latter,  and  especially  in  an  insufficient  allowance  for  head  resistance,  which 
at  high  passenger  speeds,  such  as  that  of  the  tests,  consumes  a  large  part  of  the 
power. 

673t  An  investigation  by  the  writer  given  in  par.  128  shows  that  20  lbs.  X 
65  lbs.  per  car  gives  the  ordinary  consumption  in  passenger  service;  indicat- 
ing a  very  small  loss  by  internal  friction. 

674t  To  get  at  the  collective  resistance  of  the  bearings  of  a  locomotive 
nnder  steam,  and  to  separate  it  into  its  constituent  elements.  Messrs.  Vuillemin. 
Guebhard.  and  Dieudonn6  made  some  experiments,  narrated  in  a  work  by  Josef' 
Grossmann.f  showing  the  following  results: 

*  En Zf  ft f<'>ing  diud  Engineer,  1885.  • 

f  '*  Die  Schniiermittel  und  Lagermetalle  ftlr  Locomotiven,  Eisenbahnwagen, 
Schiffsmachinen,  etc."  Von  Josef  Grossmann.  Ingenieur  der  dsterreichischea 
Nordwestbahn.    Wiesbaden,  C.  W.  KreideU*  Verlag,  1S85. 
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, Pounds  Pmt  Net  Ton. 

Non-coupled       4-coapled       6-couplecl. 
pass,  enipnes.      eninncs.         eogioei 

Total  resistance  per  ton  of  locomotive 16.0  25.2  3044 

Resistance  of  cold  engine  (connecting-rod 

removed) 6.0  10.44  12.30 

Percentage  of  latter  to  total  resistance 37.5  p.  c.  41.5  p.  c.  40.5  p.        ^ 

These  figures  are  for  speeds  of  17  to  21  miles  per  hour. 

If  now  the  collective  resistance  of  the  axle  and  parallel-rod  bearings  and  ^^^^ 
the  valve-gear  be  deducted  from  the  resistance  of  the  cold  engine,  as  abow  ■■c 
given,  the  remainder  ought  to  give  the  resistance  due  to  rolling-friction;  and  ^ 

this  be  deducted  from  the  total  resistance  of  the  above  table,  the  remaind^^s^ 
should  be,  approximately,  the  total  resistance  of  all  bearings  in  the  engine  ^^s3X 
work. 

The  axle-friction  coefficient  was  assumed  at  0.009  ^^^^  ^^  proportion  of  tl^^*^ 
diameter  of  axle-journal  to  that  of  the  wheels  at  -^^  giving  for  the  axle-friction  ^ 
i\  lbs.  per  ton  weight  of  engine.  The  friction  of  the  valve-gear  of  the  coE—  ^ 
engine  was  taken  as  i  lb.  per  ton  of  engine,  and  the  crank-pin  friction  for  fou  -^' 
coupled  engines  at  o.  2  lb.  and  for  six-coupled  engines  at  0.4  lb.  per  engine  toi 
Adding  together  these  resistances,  and  deducting  them  from  the  resistance 
of  the  cold  engines  without  connecting-rods,  the  following  table  was  obtainec=^' 

. Pounds  Per  Net  Ton. 

Non-coupled         4-coupled  6-coupled 

pass,  enguiea.        engines.  engines. 

Total  resistances  per  ton  of  locomotive,  as 
above  16.0  25.2  30.44 

Resistance  of  rolling-friction  per  ton  of  lo- 
comotive          3.50  7.74  9.40 

Percentage  of  last  to  the  total 21.87  30.71  p.  c.     30.88  p.  «=:= 

Resistance  of  oiled  parts  (in  steam)  per  ton 
of  locomotive 12.50  17.46  21.04 

Percentage  of  last  to  the  total 78.13  69.29  p.  c.    69. 12  p.  c::* 

These  figures  were  assumed  to  show  how  large  a  portion  of  the  engine  re- 
sistances  those  of  the  oiled  parts  constitute,  which  do  not  tax  adhesion. 

The  experimental  evidence  as  to  the  comparative  rolling  and  internal  fric- 
tion of  coupled  and  uncoupled  engines  is  interesting  and  possibly  correct,  but 
the  exact  figures  given,  as  with  all  such  single  sutements,  must  be  received 
with  much  allowance. 

With  regard  to  the  increased  amounts  of  rolling  friction  indicated  for  four- 
^nd  six-coupled  engines,  the  author  reasonably  remarks  that  it  is  in  accordance 
with  what  might  be  expected,  since  the  coupled  wheels,  on  account  of  their 
slight  difference  of  form  and  of  imperfections  in  the  track,  cannot  roll  as  per- 
fectly as  the  uncoupled  ones,  and  must  slip  more  or  less. 
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675.  The  following  record  of  some  other  French  tests  gives  very  different 
results:  * 

For  determining  engine  resistance,  the  locomotive  to  be  tested  was  set  in 
motion  at  4  or  5  miles  per  hour,  and  change  of  velocity  determined  by  accurate 
apparatus,  from  which  the  following  resistances  were  computed: 

/ Pounds  Per  Ton  of  Rbsistancb. » 

Passenger  engine,      Locomotive  for  mixed      Freight  engine, 
3  axles,  3-coupled,    service,  3-coupIed  axles,    4-coupled  axles, 
78-in.  drivers,  59-in.  drivers,  50-in.  drivers, 

^  5a  tonnes.  48  tonnes.  70  tonnes. 

Engine  in  working  order. ..  6.4  7.2  8.0 
Eccentrics  and  connecting- 
rod  disconnected 4.7                            4.5                         6.2 

Difference 1.7  2.7  1.8 

Coupling-rods  also  discon- 
nected   4.7  4.4  6.2 

In  all  these  tests  the  effect  of  disconnecting  the  coupling-rods  is  inappreci- 
«ble.  The  tender  resistance  was  found  to  be  only  5.0  to  5.6  lbs.  per  ton.  All 
the  above  are  the  mean  of  a  number  of  tests,  not  differing  greatly  in  result. 
The  following  are  from  still  larger  averages: 

, Rbsistancb  in  Pounds  Per  Ton.  » 

Drivers.      No.  axles     Coned  tread.  Cylindrical  tread. 

coupled.  Link-  Link-  WalchaSrt's 

motion.  motion.         valve-gear. 

Passenger  engine..  78"  2  6.2  5.2 

Mixed  engine 59"  3  7.2  7.2 

Freight  engine 51V'  3  9-4 

Freight  engine 50"  4  ...  ...  8.2 

The  tests  measured  the  resistances  between  velocities  of  2^  to  5  miles  per 
hour.  The  resistances  include  machinery-friction,  and  the  very  low  speed 
would  tend  to  make  the  resistances  considerably  higher  than  at  working  speeds, 
notwithstanding  which  fact  it  would  appear  as  if  the  results  must  certainly  be 
too  low. 

*  *'  Application  de  la  M^thode  rationale  aux  Etudes  dynamom^triques.  Par 
M.  Desdouits,  Ing^nieur  de  la  Marine,  adjoint  a  Tlng^nieur  en  Chef  du  Materiel 
et  de  la  Traction  des  Chemins  de  Fer  de  T^tat,''  AnnaUs  des  Fonts  et  Chams^est 
Mai,  1886.  . 
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CHAPTER  XIV. 

THE   EFFECT   OF   GRADES  ON   TRAIN-LOAD. 

676.  The  absolute  effect  of  gradients  to  increase  the  load  on  the  engi 
is  constant  and  easily  determined.  Under  the  theory  of  the  inclin 
plane  (or  rather  under  the  general  theory  of  the  equilibrium  of  forc< 

any  body  W,  Fig.  167,  resting  on  such  an  inclined  plane,  is  acted  on  by 
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Fig.  167. 

least  two  forces :  the  force  of  gravity,  vertically  downward ;  and  the  re- 
action of  the  supporting  plane  s,  acting  at  right  angles  thereto. 

Since  a  body  acted  on  by  two  forces  only  cannot  remain  at  rest  (see 
any  treatise  on  mechanics)  unless  the  forces  are  (i)  equal  in  magnitude, 
(2)  opposite  in  direction  to  each  other,  and  (3)  lie  in  the  same  right  line, 
motion  must  ensue  under  these  conflitions  down  the  plane  j;  and  the  force 
/  necessary  to  resist  motion  (or  impelling  the  body  down  the  plane,  if  equi- 
librium be  not  maintained)  is  represented  by  the  length  of  any  line  A  which 
will  suffice  to  close  the  triangle  of  forces.  The  direction  of  this  force  is 
ordinarily  fixed  by  the  conditions,  and  in  the  case  we  are  now  considering 
it  must  lie  parallel  with  the  plane  s,  as  represented  in  the  cut ;  but  a  force 


.jiA 
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tcting  in  any  other  direction,  as  Z'  or  f\  Fig.  i68,  will  suffice  for  the  same 
i^nd,  provided  it  will  form  with  the  forces  g  and  v/^ 
Fig.  167,  a  closed  triangle;  the  magnitude  only  of  the 
force  /  required  varying  thereby. 

677.  If  the  body  W,  Fig.  167,  be  an  angular  body,  this 
aecessary  force  /  will  be  supplied  by  th€f  friction  of  con- 
tact between  the  body  and  the  plane,  and  the  body  will 
remain  at  rest  until  the  angle  becomes  very  considerable, 
as  in  sliding  a  brick  down  a  board.  If  the  body  be  a 
wheeled  vehicle,  the  journal  and  other  rolling-friction 
subserves  the  same  purpose,  so  far  as  it  goes,  as  respects 
motion  down  the  plane ;  but  since  the  rolling-friction  is 

a  very  small  portion  of  the  total  weight  of  the  body,  the  angle  of  the 
slope  on  which  the  rolling-friction  alone  will  suffice  to  maintain  equi- 
librium must  be  very  small.  When  it  does  not  suffice  for  this  purpose, 
the  body  is  impelled  down  the  plane  by  the  difference  between  the  force  / 
of  gravity  and  the  retarding  force  of  friction. 

When  a  body  is  caused  to  move  up  the  plane  it  is  obvious  that  the 
resisting  friction,  whether  much  or  little,  plays  no  part  in  reducing  the 
force  /,  tending  to  cause  the  body  to  move  down  the  plane ;  for  in  that 
:ase  the  two  forces  resisting  motion  coincide  with  each  other  in  direction, 
ind  their  sum  instead  of  their  difference  has  to  be  overcome  by  the  im- 
>elling  force,  whatever  it  may  be. 

678.  These  are  the  conditions  under  which  the  locomotive  acts  in 
lauling  a  train  up  a  grade;  and  in  Fig.  167,  if^  be  made  to  represent  the 
ureight  of  any  vehicle  W  or  of  all  the  vehicles,  W  will  represent  the 
brce  with  which  they  press  against  the  rails ;  /,  the  **  grade  resistance"  or 

:orce  impelling  them   downward,  or  resisting   motion  upward ;  — .  the 

2000/        22A0Z 
ratio  of  the  grade  resistance  to  the  weight ;  or  — - — ,  according 

to  the  number  of  pounds  m  the  ton,  the  grade  resistance  in  pounds  per  ton, 

W 

,  the  ratio  of  the  reaction  against  the  rails  to  the  actual  weight  of  the 

body,  which  may  be  deduced,  for  any  grade,  from  Table  119,  p.  341. 

679.  All  grades  are,  in  the  technical  work  of  American  and  Continen- 
tal engmeers,  expressed  m  the  rate  percent,  although  in  common  American 
practice  the  words  **  per  cent"  are  (somewhat  unfortunately)  omitted,  the 
grades  being  known  as  a  0.5,  0.8,  or  i.o  grade.  A  grade  so  expressed  is 
independent  of  the  particular  unit  of  measure  employed,  whether  feet, 


538      CHAP.   XIV.—EFFECT  OF  GRADES  ON  TRAIN^LOAD, 


metres,  miles,  or  any  other.     In  popular  American  and  English  language 
grades  are  expressed  by  feet  per  mile,  which  (since  there  are  5280  feet  in 
a  mile)  is  52.8  times  the  rate  per  cent.     The  use  of  this  awkward  unW 
especially  among  engineers,  is  in  every  way  to  be  regretted.    Englislv 
engineers  are  also  much  given  to  a  still  more  awkward  habit — expressing 
grades  as  rising  "  i  in  80,"  or  some  other  horizontal  distance.   (See  p^-x. 
683.)  These  may  be  turned  into  grades  per  cent  with  a  table  of  recipr-o- 

cals.     In  Fig.  167  the  rate  of  grade  is  given  by  — .      If   we  let  </=  i  <do 

(whether  feet  or  any  other  unit),  then  r  will  give,  in  the  same  unit,  t^"lae 
rate  per  cent  of  the  grade. 

680.  Since  gravity,^,  in  the  diagram  of  forces  in  Fig.  167,  is  rep 
sented  by  the  hypothenuse  of  a  right-angled  triangle,  it  follows  that 
pressure  of  the  wheels  on  the  rails,  W^^  can  never  be  quite  equal  to 
weight  of  the  body.    The  loss,  however,  is  not  on  any  ordinary  grad 
serious  or  even  an  appreciable  one.     It  may  be  determined  as  folio 

W*  d  — 

Ratio  of  pressure  on  rails  to  real  weight — (Fig.  167)  =  - ;  but  5=  yd^         r*f 

exactly.    Or,  approximately  (i), 

2d 

r" 

whence  (2),  j  =  — .  4.  1^ 

2d 

681.  This  latter  is  determined  by  a  rule  of  great  coavenience,  which  is        too 
little  known,  and  which  the  student  will  do  well  to  fix  indelibly  in  his  memc::^/^, 
for  the  multitudinous  uses  of  which  it  is  capable,  viz. : 

To  SOLVE  A  RIGHT-ANGLED  TRIANGLE  OF  SMALL  ALTITUDE  :    Squan  the  krt^kt 

or  rise  and  divide  by  twice  the  base  or  hypothenuse  (whichever  is  known).    Xbe 
quotient  will  be  the  difference  between  the  base  and  hypothenuse,  whence 
the  unknown  side  is  obtained  from  the  known  by  direct  addition  or  subtrac- 
tion.      Frequently,  however,  in  solving  such  triangles  the  difference  only  is 
required. 

Examples  showing  the  range  of  error  in  this  rule  are  given  in  Table  168^. 
The  extreme  examples  of  the  latter  part  of  the  table  are  intended  only  for  illns- 
trative  purposes,  but  show  that  even  in  such  an  extreme  case  as  the  "  3,  4,  and 
5  triangle"  the  error  is  only  -}^  or  2^  per  cent.  For  a  multitude  of  engineering 
computations,  where  the  altitude  of  the  triangle  is  below  ^  the  base,  the  formula 
is  sufficiently  approximate  for  all  purposes,  the  error  with  base  4  and  altitude 
I  being  less  than  half  of  one  per  cent  and  varying  as  the  square  of  the  alti> 
tude. 
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Table  168^. 

UCPLES  SHOWING  RANGE  OF  ERROR    IN  THE  APPROXIMATE    FORMULA    OP 

Par.  681  FOR  Solving  Right-angled  Triangles. 


GiVKN— 

Hypothsnusb. 

Error 
Per  Cent. 

Base. 

Height. 

By  Approxi- 
mate Rule. 

Exact. 

xo 
xo 
xo 
xo 
xo 
xo 
xo 

8 

xo 

X0.05 

xo.a 

X0.8 

XX. 25 

XX. 8 

X3.a 

X5.0 

X0.049 
X0.X98 
X0.770 
xx.xSo 
XX. 66a 
xa.8o6 
14.142 

o.ox 
o.oa 
0.03 
0.6 
x.a 
3.0 
5-7 

4 

(hyp.) 

5 

3 
3 

5% 
(base.) 

41^ 

5. 
4. 

A 
A 

n  these  examples  are  far  beyond  the  range  of  the  highest  rates  of  grade.    Tor  exam- 
>f  the  latter,  see  Table  119,  page  341. 


>82.  Comparing  the  two  similar  triangles,  drs  and  Wig,  Fig.  167^ 
lave,  since  r\d\\t\  IV\ 

being,  as  we  have  seen,  not  the  true  weight  or  gravity  of  the  body^ 
the  component  thereof  at  right  angles  to  the  plane,  or  the  force  with 
:h  it  presses  against  the  plane. 

3n  any  grade  practicable  for  locomotives,  however,  W  and  g  are 
rtically  equal  to  each  other,  the  difference  even  on  a  10  per  cent 
ie  being  only  one  half  of  i  per  cent,  and  on  a  i  per  cent  grade  (52.8 

per  mile)  only  -j-J^  as  much,  or  ^H  of  i  per  cent.     Therefore  it  is 
rersally  customary  to  consider  that  for  all  practical  purposes  r\d\\t\g, 

167,  whence 

I  sufficient  exactness,  and  we  have  the  rule  already  given  in  par.  382 : 
ratt  of  grade  in  ft,  per  100  =  the  grade  resistance  in  lbs,  per  100  lbs,, 
nee,  evidently. 
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The  grade  resistance  in  lbs.  per  ton  =  the  rate  of  grade  per 
cent  X  20,  OR  =  2  LBS.  PER  0.1  per  cent. 

This  last  formula  should  likewise  be  indelibly  engraven  on  the  memory 
of  the  engineers  having  to  do  with  railway  work,  making  reference  to  a. 
table  needless. 

683t  The  grade  resistance  in  lbs.  per  ton  on  a  grade  given  in  feet  per  nile 

«,                                grade  in  feet  per  mile\ 
since  the  rate  per  cent  = ^-^ 1 
^                                52.80  / 

,     grade  in  feet  per  mile  srade  in  feet  per  mile 

equal  to  the  ^ r-^- X  20  =  ^ --^ . 

^  52.80  a.64 

Or,  since  — --  =0.3788,  we  have — 
2.64 

Grade  resistance  in  lbs.  per  ton  =  grade  in  ft.  per  mile  X  O.3788  =  grade-      iQ 

ft.  per  mile  -f-  2.64. 

For  the  long  ton  of  2240  lbs.  we  obtain,  in  the  same  way, 

Grade  resistance  in  lbs.  per  ton  =  grade  in  ft.  per  mile  X  .4242. 

For  a  grade  expressed  in  a  horizontal  distance  for  a  rise  of  i,  as  i  in  80, 1  in  i< 

or  I  in  d,  the  total  grade   resistance  is  -r-, ,  or  —  of  the  weight :  or  in  1 

80  100        d  »      » 

per  ton,  — 7—  or  — j— ,  for  the  short  and  long  ton  respectively.    Thismetho 

a  a 

expressing  grades  is  used  nowhere  in  the  world  but  by  English  engineers, 
has  nothing  to  commend  it. 

684.^  From  the  preceding  it  follows  that  the  effect  of  grades  UP^  '0>« 
THE  GRADE  RESISTANCE  is  directly  as  the  rate  of  grade.  On  a  grade===of 
i.o  per  cent,  the  grade  resistance  is  just  twice  as  much  as  on  a  grade  ol 

0.5  ;  and  by  whatever  percentage  the  rate  of  grade  be  reduced  the  gra— ^e 
resistance  will  be  reduced  as  much. 

To  determine  the  efTect  of  the  grade  resistance  ON  the  power     ^Of 
ENGINES,  f/ic  roUhig-frictio7i,  a  constant  element  per  ton  on  both  grac^e5 
and  levels,  must  first  be  considered,  in  addition  to  the  grade  resistanc^- 

685.  Assuming,  for  reasons  already  stated  (par.  623),  that  the  rolling- 
friction  at  ordinary  freight  speeds  of,  say,  15  miles  per  hour  is  8  lbs.  per 
ton  (  =  0.4  per  cent  grade),  which  is  a  high  resistance  to  assume,  and 
much  higher  than  the  ordinary  resistance  of  the  train  behind  the  engine 
only,  the  total  train  resistance,  and  hence  gross  weight  of  trains  on  any 
two  rates  of  grade,  will  be  as  the  rate  of  grade  per  cent  +  0.4,  or  as 

On  grades  of  0.5  and  i.o  per  cent,  adding  0.4  to  each,  we  have  o.9and 
1.4  as  the  equivalent  gradient  in  each  case,  including  the  rolling-friction. 
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^oss  weight  of  trains  on  these  grades,  consequently,  will  be  as  0.9 : 
>r  I  to  1.556,  and  not  as  0.5  :  i.o  or  i  to  2.00. 

i^ith  grades  of  0.3  and  0.6  per  cent,  we  have  for  the  comparative 
^  weight  of  trains  0.7:  i.o  or  i  to  1.43,  instead  of  i  to  2.00.  With 
les  of  1.0  and  2.0  per  cent  we  have,  similarly,  1.4 :  2.4,  or  i  to  1.714  for 
comparative  gross  weight ;  whereas  in  this,  as  in  the  two  former  ex- 
iles, the  grade  resistance  only  is  as  i  to  2. 

686.  It  will  be  seen  from  these  examples  that  as  the  grades  are  higher 
comparative  gross  weight  of  trains  comes  nearer  and  nearer  to  the 

0  of  the  grade  resistance  only,  as  is  but  natural,  since  the  rolling-fric- 

1  becomes  a  less  and  less  important  fraction  of  the  total  resistance, 
is,  in  grades  of  2.00  and  3.00  per  cent,  the  comparative  gross  loads  are 
j«4. :  3.4  or  2 :  2.833.  But  on  the  lower  gradients  this  is  far  from  being 
case. 

687.  So  far.  we  have  considered  only  the  gross  weight  of  train,  in- 
ling  engine;  but  it  is  apparent  that  the  true  measure  of  the  cost  of 
jients  is  their  effect  upon  the  net  or  revenue-earning  load- 
ars  and  freight,  and  the  ratio  of  the  net  loads  on  any  two  gradients 
ends  upon  an  additional  variable,  viz.,  the  ratio  of  the  gross  weight 
ngzm  and  tender  (or  rather,  of  engine,  tender,  and  caboose)  to  the  true- 
power  of  the  engine.  Whatever  the  absolute  weight  of  the  engine,  if 
•atio  to  the  tractive  power  be  the  same,  the  ratio  of  the  net  loads  will 
the  same  on  any  two  given  grades,  whether  the  engine  be  light  or 
vy. 

For  the  gross  weight  of  train  on  any  given  grade  is  directly  as  the 
rtive  power,  and  if  the  ratio  of  the  weight  of  engine  to  the  tractive 
irer  be  the  same,  the  resulting  net  loads,  as  well  as  gross  loads,  will  be 
;ach  other  directly  as  the  tractive  power. 

688.  The  ratio  of  the  tractive  power  to  the  total  weight  of  engine  is 
a  constant,  but  varies,  yfrj/,  with  the  pattern  of  engine,  and,  secondly ^ 

h  the  ratio  of  adhesion,  which  is  itself  a  variable  quantity ;  but  assum- 
the  constant  ratio  of  adhesion  of  one  fourth,  which  we  have  seen 

r.  530)  to  be  that  justified  by  ordinary  American  experience,  the  ratio 

eadily  determined  for  any  pattern  of  engine,  and  will  be  seen  from 
following  Table  169  to  vary  from  i  to  10^  to  i  to  4,  according  to  the 

tern  of  engine,  the  ratio  for  the  more  usual  patterns  of  freight  engines 

^%  about  I  to  7. 

In  the  former  edition  of  this  treatise  it  was  assumed  as  i  to  10,  the  average 

0  of  adhesion  being  taken  at  \y  but  conditions  have  greatly  changed  since 

1  (1S72-6). 
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Table  169. 
Ratio  of  Weight  of  Engine  and  Tender  to  the  Tractive  Power,  for. 

Various  Tytes  of  Engines, 
As  assumed  in  the  heading^s  of  Table  170,  substantially  in  accordance  with  the  data  of 

Tables  127-131. 


Kind  of  Engine. 

Tractive  Power. 

04  Weight  on 

Drivers.) 

Toul  Weight 

of  Engine  and 

Tender 

in  Service. 

Ratio  of  Weight 
to  Tractive  Power. 

Light  American 

tons. 

5 
6 

7 

8 

9 
10 

II 

12 

13 

tons. 
52 
58 
60 

64 

67 
70 

75 
80 

87 
• .  •  • 
>  •  •  • 

trac.  power  —  i.a 
10.4 
9.67 
8.57 

A veracfe  American 

Lisht  Ten-wheel •• 

Averace  Ten-wheel 

Licrht  Mocrul •• 

8.0 

A veracre  Mocrul 

7.44 
7.0 

6.82 

Licrht  Consolidation 

Average         '*            

St'nd(i887)   "            

6.67 
6.69 

Heavv  Mastodon 

Tank  Consolidation 

TankSwiich-engine(all  weight 
on  drivers) 

•  •  •   • 

•  •   •   • 

about  4.50 
4.00 

If  any  one  of  these  constant  ratios  be  subtracted  from  the  fourth  column  of  the  long 
Table  170,  it  will  j^ive  a  column  of  ratios  of  net  loads  to  tractive  power  which,  when 
multiplied  by  the  tractive  power  of  any  enpne  whatever  of  the  same  proportion  of  weight 

on  drivers  to  total  weight,  will  j^ive  its  haulinj^;  power. 

689.  From  the  preceding  it  will  be  clear  that  if  we  know  merely  the 
RATIO  of  the  net  load  to  the  tractive  power  we  can  determine  by  what 
per  cent  a  given  increase  or  decrease  of  grade  will  modify  the  necessary 
tractive  power,  without  determining  the  absolute  amount  of  either  the 
one  or  the  other,  and  this  method  was  followed  in  the  first  edition  of  this 
treatise.  It  obliges  us  to  assume,  however,  that  this  ratio  is  constant ;  and 
as  it  is  commonly  the  case  that  with  every  considerable  variation  in  the 
weight  of  engine  the  ratio  of  its  power  to  its  weight  will  also  vary,  it  is  prac- 
tically much  better  to  study  the  effect  of  gradients,  and  of  the  changes 
therein,  directly  from  a  table  showing  the  tons  of  net  load,  exclusive  of 
engine,  tender,  and  caboose,  which  various  patterns  of  engine  can  handle 
on  various  grades.  Such  a  table  is  given  in  the  following  long  Table  170, 
in  which  the  net  load  in  tons  for  nine  different  patterns  of  engines,  varying 
from  light  .-\nierican  to  the  heaviest  Mastodon  engines,  is  shown  for  every 
0.02  per  cent  of  grade  up  to  4.0  per  cent,  and  from  that  to  10  per  cent  at 
wider  intervals. 
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690.  Table  170  is  computed  under  the  following  assumptions  : 

Rolling-friction 8  lbs.  per  ton. 

Adhesion  or  tractive  power i  wfeight  on  drivers. 

Weight  of  tender  (about  two-thirds  loaded),  as  noted 

in  the  heading  to  the  table, 21  to  25  tons. 

It  gives  also,  in  addition  to  the  grade  per  cent,  the  corresponding 
grade  in  feet  per  mile,  the  resistance  in  pounds  per  ton  on  each  grade  due 
to  gravity  only,  and  to  gravity  and  rolling-friction  (8  lbs.)  combined,  and 
the  ratio  of  the  gross  load  to  the  tractive  power,  or 

2000 

total  resistance  in  lbs.  per  ton* 
This  ratio  x  tons  of  tractive  power  of  each  engine  (=  \  weight  on 
drivers)  ^=^ gross  weight  of  train  in  tons  which  the  engine  can  haul.  Sub- 
tracting from  it  the  total  weight  of  each  engine,  as  given  in  the  first  line 
of  each  heading,  we  have  the  net  load  of  train  in  tons,  as  given  in  the 
nine  columns  which  constitute  the  body  of  the  table. 

691.  This  Table  170  we  shall  make  the  basis  of  our  ensuing  study  of 
the  effect  of  gradients  on  net  loads.  Experience  has  clearly  shown  that 
-only  by  the  aid  of  such  tables  or  by  diagrams  can  the  effect  of  gradients 

be  comprehended,  since  the  number  of  variables  entering  into  such  a 
table  is  so  great  that  formulae  become  very  intricate  in  form,  and  carry  no 
impression  to  the  mind.  The  weight  of  the  caboose  at  the  rear  of  the 
train,  which  is  practically  only  another  tender,  and  almost  universally  used, 
might  well  have  been  included  as  a  part  of  the  gross  weight  of  the  engine 
and  tender  in  Table  170;  but  there  are  two  styles  of  caboose  in  use, 
4-wheel  and  8-wheel,  differing  considerably  in  weight,  and  for  other  rea- 
sons it  seemed  better  not  to  include  it. 

692.  In  Table  138  a  variety  of  records  of  actual  performances  of  en- 
gines has  already  been  given,  which  justify  the  claim  made  at  the 
head  of  Table  170,  that  it  represents  the  fair  working  capacities  of  the 
various  engines  on  the  given  grades  in  good  American  practice.    The 

CAUTIONS  AT  THE  HEAD  AND  FOOT  OF  THE  TABLE  MUST  BE  FULLY 

REMEMBERED,  however,  that  the  grades  must  be  the  de-facto  or  virtual 
grades,  not  increased  in  effect  by  unreduced  curvature  or  by  stops  on  or 
near  the  grade,  nor  decreased  in  effect  by  the  assistance  of  momentum 
(see  par.  413  ^^  <il»)*  either  of  which  contingencies  may  make  the  nominal 
grades  of  the  profile  anything  but  the  true  governing  gradients.  Fig. 
169  with  its  accompanying  note  will  serve  better  than  Table  170,  perhaps, 
•to  make  the  effect  of  g^des  on  train-load  clear  to  the  eye. 
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Notes  to  Fig.  169. 

Regmrding  the  bottom  of  the  page  as  the  base-line  of  the  diagram,  or  axis  of  x^  as  ex- 
plained beneath  the  title  to  it : 

I.  The  Unotr  heavy  line  represents  the  progressive  increase  of  train-load  (behind  ten- 
der) as  the  grade  is  reduced,  for  the  lightest  American  engine  given  in  Table  170,  which 
begins  at  o  at  a  grade  of  480  ft.  per  mile,  and  ends  at  1198  tons  on  a  level,  just  beyond  the 
limits  of  the  diagram. 

a.  The  upper  heavy  line^  marked  A,  represents  the  same  thing  for  the  heaviest  Mas- 
todon  engine  given  in  Table  170,  so  nearly  that  it  is  not  in  error  by  more  than  its  own 
iridth  at  any  point.  It  was  not  plotted  for  that  purpose,  however,  but  was  one  of  the 
tines  of  the  original  diagram,  as  below,  made  blacker  to  correspond  with  line  i. 

Similar  lines  for  all  the  other  nine  engines  whose  tractive  capacities  are  given  in  Table 
170  wooki  fall  between  these  two  lines  at  approximately  regular  intervals.  It  has  not 
nemed  necessary  to  plot  them. 

The  remaining  lines  of  the  diagram  give  the  cylinder  and  adhesion  tractive  powers  sep- 
arately for  the  three  different  engines  below  detailed,  as  computed  by  Mr.  G.  W.  Cusu- 
i!io,  Supt.  M.  P.  No.  Pac.  Ry.,  on  the  following  assumptions : 

RoUing'/rictum^  ^  lbs.  per  ton  in  place  of  8  lbs.  per  ton,  as  in  this  volume. 

Ratio  0/ adhesion ^  )4>  as  in  this  volume. 

The  difference  in  the  rolling-friction  makes  the  train-loads  somewhat  greater  than 
those  given  in  Table  170,  especially  as  a  level  is  approached,  but  makes  no  great  differ- 
ence on  the  higher  grades.     The  three  engines  are  as  follows : 


Cylin- 
ders. 

• 
Drivers. 

Trac.  Pr. 

in  Lbs., 

Per  Lb.  of 

Effective 

Pressure. 

No. 
Drivers. 

Wbichts. 

RNGOfB. 

On 
Drivers. 

Total       Tender, 
Enfifine.      Loaded. 

Total. 

A 

B 
C 

aa"x96" 
m"  X  96" 
ao"xa4" 

49" 
49" 
49" 

356.8 
356.8 
.96 

8 

xo 

8 

100,000 

110,000 

96,000 

XI3,O0O 

1x3,000 
xo8,ooo 

65,000 
65,000 
65,000 

X  77,000 
177,000 
i73«<»o 

The  lines  marked  A,  B,  C  indicate  the  loads  corresponding  to  the  adhesion  tractive 
power  of  these  three  engines,  computed  on  the  basis  of  one  fourth  the  weight  on  drivers. 

The  remaining  lines  indicate  the  cylinder  tractive  powers  for  the  same  engines  at 
various  points  of  cut-offs,  as  follows  : 

Engine  C,  ao"xa4'',  Consolidation,  48  tons  on  drivers.  At  half-stroke  the  cylinder 
power  is  somewhat  less  than  the  adhesion,  and  at  70  per  cent  very  slightly  over.  Only  at 
very  slow  speed  can  such  an  engine  furnish  steam  for  running  at  70  per  cent  cut-off. 

Engine  A,  2a"x26",  Consolidati(^,  50  tons  on  drivers,  or  5  tons  less  than  B,  but  iden- 
tical in  cylinder  capacity,  showing  that  the  latter  is  in  excess. 

Engine  B,  aa"  x26".  Mastodon,  55  tons  on  drivers.  The  two  lines  for  cylinder  tractive 
power  apply  alike  to  engines  A  and  B.  In  both  of  these  engines  the  cylinder  power  is 
much  greater  in  proportion  than  in  engine  C,  and  cannot  be  fully  utilized  at  one  fourth 
adhesion.     As  the  working  adhesion  on  a  good  rail  often  rises  much  higher  than  one  fourth 
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THE  PERCENTAGE  OF  CHANGE  IN  THE  NET   LOAD   RESULTING  FROM 

CHANGE  IN   THE  RATE  OF  ANY  GRADE. 

693.  Assuming  Table  170  as  a  basis,  we  can  readily  determir^^^ 
from  it,  in  the  manner  below  outlined,  the  two  following  \2l1^^  ^ 
which  are  the  foundation  for  a  correct  estimate  of  the  value    ^^f 
reducing  grade: 

First.  When  the  rate  of  any  one  given  ruling  grade  is  increased  ^r 
decreased,  the  corresponding  percentage  of  increase  or  decrease  in  ^r^he 
engine -mileage  required  to  handle  any  given  tonnage  varies  almost  di- 
rectly as  the  change  in  rate  of  grade ^  however  much  or  little  the  cha^^ge 
may  be,  slightly  increasing^  however^  as  the  increase  is  greater  and  de- 
creasing as  the  decrease  is  greater. 

For  example,  if  a  0.6  per  cent  grade  be  increased  to  0.8  the  increase  in  en- 
gine-tonnage required  is,  for  Consolidation  engines,  -y^  =  21.73  per  cent  in- 
crease, or  10.9  per  cent  per  o.i  per  cent  of  grade  ;  but  if  it  be  increased  to  i-S 
percent,  the  increase  is  YoV^  =  103-37  pcr  cent  increase,  or  11.48  per  cent  per 
o.  I  per  cent  of  grade  ;  being  about  5^  per  cent  more  per  o.i  per  cent  of  gi —  -^de 
than  for  the  smaller  increase. 

If  the  entire  weight  of  the  engine  be  on  the  drivers,  or  if  o-^cnly 
the  load  on  the  drivers  be  considered  the' engine,  and  the  ^^' 
mainder  a  part  of  the  train,  this  law  is  exact,  and  the  engine-ttr^n- 
nage  varies  precisely  with  the  change  in  rate  of  grade,  as  xTM^y 
be  seen  in  Table  172. 

Second.   The  amount  of  this  percentage  of  increase  or  decrease  />'^ 

however,  this  surplus  cylinder  power  is  likely  to  be  very  useful  in  handling  heavy  train 
easily,  and  indicates  that  engine  B  at  least  is  better  designed  than  engine  C  for  the  mos 
efficient  freight  service. 

Where  and  ivhy  tank  engines  are  advantageous  may  be  very  clearly  seen  from  this 
diagram  as  follows : 

Referring  to  the  head-lines  to  Table  170,  it  will  be  seen  that  the  TOTAL  weight  of  the 
lightest  American  engine  and  the  weight  on  DRIVERS  of  the  heaviest  Mastodon  are  the 
same,  52  tons.  A  tank  engine  of  the  same  total  weight,  all  of  it  on  drivers,  while  it  will 
be  a  much  lighter  and  cheaper  machine  than  the  M^todon,  and  be  equal  to  much  lower 
speeds  only,  will  have  a  greater  net  tractive  power  on  all  grades  by  the  constant  amount 
of  35  tons  (saved  in  disp)ensing  with  a  tender  and  leading  truck).  Therefore,  plotting  on 
Fig.  169  a  line  for  35  tons  greater  loads  than  for  the  upper  heavy  black  line,  we  find  that 
on  the  higher  grades  it  makes  an  enormous  difference  in  the  percentage  of  net  load 
hauled,  but  as  the  lower  grades,  below  2  per  cent  (106  ft.  per  mile),  are  reached  the  two 
lines  become  almost  coincident. 
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the  engirt€'tomiage  required  varies  considerably  with  each  grade^  being 
nearly  five  times  as  much  on  a  level  as  on  a  3  per  cent  grade  ;  and  is 
about  as  given  in  the  following  Table  171,  where  these  percentages 
are  given  for  all  gradesi  determined  in  a  manner  we  will  shortly 
review. 

^4.  These  two  facts  being  definitely  ascertained,  we  have,  in 
order  to  determine  the  effect  of  any  change  of  grade  upon  the 
engine-mileage  required  to  handle  a  fixed  tonnage,  simply  to 
multiply  the  percentage  given  in  Table  171  (which  see)  by  the 
lumber  of  tenths  per  cent  change  of  grade  to  obtain  the  total  in- 
rease  in  engine-mileage  which  will  be  required  for  any  given 
hange  of  grade ;  or,  the  same  fact  may  be  still  better  deter- 
(lined  directly  from  the  actual  load  on  each  grade,  given  in 
Table  170.  This  percentage,  multiplied  by  the  proportion  otf  the 
xpenses  which  varies  with  the  number  of  traiivs  or  engine-ton- 
lage  (the  car-mileage  and  traffic  remaining  constant),  i.e.,  by  the 
)ortion  of  the  expenses  which  would  be  doubled  if  the  engine- 
onnage  were  doubled,  will  give  the  annual  cost  of  a  proposed 
ncrease  of  grade,  or  the  annual  saving  of  a  proposed  decrease. 

695.  Table  171  (see  p.  556)  is  determined  from  Table  170  in  the  fol- 
lowing simple  manner : 

Taking  only  three  types  of  engines,  the  lightest "  American/'  heaviest 
Consolidation,  and  a  tank  engine  of  the  same  weight  on  drivers  as  the 
latter,  but  with  no  tender  nor  truck,  and  comparing  the  net  loads  given 
for  grades  of  Level,  0.$,  i.o,  1.5,  and  2.0  per  cent,  we  have  the  following 
net  loads  hauled  : 


Grades  of 

Level. 

0.5. 

1.0. 

I.S. 

2.0. 

II98 

504 

305 

211 

156 

2920 

1253 

777 

552 

420 

3000 

1333 

857 

632 

500 

Light  American,  .... 
St'nd  Consolidation,  .  , 
Heavy  Tank  Engine,    . 

Then  it  is  evident  that,  whatever  the  total  tonnage  to  be  moved,  the 
percentage  of  increase  in  the  engine-mileage  required  to  move  it  will  be^ 
with  a  1.5  per  cent  instead  of  i.o  per  cent  ruling  grade, 

American.  Consolidation.  Tank. 

30S_,,,.        777    _  ^  ,^        857  _  ^  ,^^ 

=  i.44^>       iz =  1.400,       7 =  1.357* 

211    ^^        552  —  632  —    ^^'* 

times  that  required  on  a  i  per  cent  grade,  or 

44. 55  per  cent,     40.8  per  cent,        35.7  per  cent, 
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Table  171. 
Percentage  of  Increase  (or  Decrease)  in  the  Enginb-Milsagr  rkquirbd 

WHICH   results  from   ANY   CHANGE  IN  THE   RATE  OF  ANY   GrADK. 

[Deduced  from  the  long  Table  170  in  the  manner  explained  ia  Table  17a.] 


INCREASE  Pbr  Cbnt  in  Enginb- 

Grade 

DECREASE  Pbr  Cbnt  in  Bnginb-     { 

MiLEAGB 

Per  0.1  of  Change 

in  Grade 

to  be 

Milbacb 

Per  0.1  of  Chang* 

in  Qrade 

KBSULTING  PROM  A  TOTAL  ChANGK  OF— 

Changed 

KBIULTINC  PKOM  A  ToTAL  ChANCB  OF— 

79.2 

-fl.5 

528 

26.4 

5.28  ] 

Ft.  Per 
Mile. 

}    5.28 

a6.4 

5a.8 

79« 

+  1.0 

+  0.5 

+  0.1 

Percent. 

-  0.1 

-O.S 

-  1.0 

-1.5 

28.68 

27.62 
22.30 

26.64 

25.9 

Level. 

•   ■  •  • 

••••                         •••• 

23.16 

21.46 

30.9 

.10 

ao.6 

•  •  •  • 

J9-43 

^8.73 

X8.02 

X7-5 

.20 

X7-3 

•  •  •  • 

16.80 

16.15 

15-54 

15.1 

.30 

X4-9    • 

-  •  •  • 

14. 8^ 

14.25 

13  72 

»3-3 

.40 

13. 1 

•  •  •  • 

13.30 

12.76 

13.36 

11.9 

.50 

ZZ.8 

iz.4« 

12.05 

11.58 

IX. 16 

10.8 

.60 

Z0.6 

10.36 

11.05 

10.60 

10.33 

9.8 

.70 

9-7 

9.48 

10.24 

9.81 

9-44 

9.3 

.80 

9.0 

8.74 

9.50 

9-«3 

8.76 

8.23 

8.5 

.90 

8.4 

8.14 

8.91 

8.56 

8.1 

1.00 

7.8 

7.60 

7.34 

7.91 

7-59 

7.26 

7.0 

1.20 

6.9 

6.76 

6.5a 

7.18 

6.86 

6.60 

6.3 

1.40 

6.3 

6.10 

5.88 

6.58 

6.27 

6.02 

5-8 

1.60 

5.8 

5.56 

5.3; 

5  «7 

6.09 

5.80 

5.60 

5-5 

1.80 

5-4 

5«4 

4-95 

4-77 

5.67 

5. 38 

5.20 

5« 

2.00 

5.0 

4.80 

4.6a 

4-44 

5-35 

5.01 

4.86 

4.8 

2.20 

4-7 

4.50 

4-3« 

4-14 

5.05 

4-79 

4.66 

4.<5 

2.40 

4-4 

4.aa 

4.07 

3.9a 

4.85 

4-53 

4-44 

4-4 

2.60 

4a 

4.00 

3.85 

3-71 

4  t)8 

4.39 

4.24 

4-2 

2.80 

4.0 

3.80 

3.67 

3-55 

4- 50 

4-23 
3. .So 

4.06 
3.66 

4.0 

3.00 

3.8 

3.62 

3.50 

3.37 

4  "3 

3.6 

3.50 

3-5 

338 

3.19 

307 

3-79 

V57 

3-34 

3-4 

4.00 

3*3 

3.10 

••97 

«83 

3-5« 

3  oO 

1 

3-»4 

3.2 

5.00 

30 

a. 80 

a.63 

a. 51 

Thesi'  ptrcnitafrc^  arc  computed  for  an  average  Consolidation^  havins^  xi  tons  tnc^ 
tivL-  ;x)\vtrr  or  SS.ouo  lijs.  ou  drivers,  but  they  are  substantially  the  same  K>r  all  freiglit 
en}::iiU'<.     St'r  par.  698. 

liy  Interpol  it  ion  any  df^irerl  percentai^e  can  be  determined  from  the  above  veiy  ap* 
proximately.     Thus  for  an  increase  of  0.75  in  a  0.75  fijad®  we  have 

i"-4'  — 9^  _  jQ^2  X  7.5  =  75  +  per  cent  increase  in  engine-mileage. 

064 

Exact) V.  it  is  (Tabic  170)  ^-^  =  74.64  per  cent,  mcrease. 

552 
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total  increase  of  engine-mileage,  equivalent  to  an  average  increase/^ 
OA  0/  increase  of  grade  of 

8.91  per  cent,  8.16  per  cent,  7.14  per  cent. 

For  an  increase  from  a  i.o  per  cent  to  a  2.0  per  cent,  we  have 

American.  Consolidation.  Tank. 


30s 


=  I-9SS. 


m 


=  1.850, 


857 


156      "^•'•"  420 

a  total  increase  per  cent  ol 

95. 5  per  cent,  85.0  per  cent,  71.4  per  cent, 

or  an  increase  per  o.i  per  cent  of  increase  of  grade  of 

9. 55  per  cent,  8.50  per  cent,  7. 14  per  cent. 

696.  Proceeding  similarly  for  other  changes  of  grade,  viz.,  o.i,  0.3, 
0.5,  and  1 .0  per  cent  of  increase  from  a  i  per  cent  grade  (making  the 
maximum  change  considered,  from  a  i.o  per  cent  to  a  2.0  per  cent),  and 
computing  also  the  comparative  engine-tonnage  required  for  correspond- 
ing decrease  in  a  i  per  cent  grade,  this  extreme  reduction  being  to  Level, 

obtain  the  following  Table  172,  in  which  the  computations  in  the  last 


Table  172. 

Showing  the  Effect  of  Various   Changes   in  a  One- Per  Cent  Grade 
ON  THE  Engine  Tonnage  required  for  Three  Patterns  of  Engines. 


For  a  Decretu*  w 
A  I  00  PlR  C«»T 

Gkadb  op— 

Making 

the 
Grade 

Thk  Pbr  Cent  of  Changs  in 
Engine  Tonnage  nbbobo  is— 

And  thb  samb  Per  o.x  Per 
Cent  of  Change  in  Grade  is— 

Light 
Ameri- 
can 

Heavy 
Cons'n. 

Heavy 
Tank. 

Light 
Ameri- 
can. 

Heavy 

Cons"n. 

Heavy 
Tank. 

I  A  rtmr  cmt •  . 

LtveL 
0.3 

0.5 
0.7 
0.9 

1.00 

x.x 

«-3 

«-5 

x-7 
8.0 

74-5 
53-9 
39-5 
a4-3 
8.4 

8.5 
a6.o 

44.6 
64.0 

95.5 

73-4 

5a. 4 
38.0 

23.x 

8.8 

7.9 
84.x 

40.8 

58. a 
85.0 

7«-4 
50.0 

35-7 
81. 4 

7M 

7.«4 
ax.4 

35-7 
50.0 

7x4 

7.45 
7.70 

7.90 
8. XX 

8.4X 

8.53 
8.68 

8.9X 
9.X4 

9-55 

7    lA.                     '  -  »■« 

09      **      ••      

/  •  j4 

7.49 

7.60 

7-7X 
7.83 

7.9a 
8.04 
8.16 

8.31 
8.50 

/•-T 

7x4 
7x4 
7«4 
7M 

7x4 
7x4 
7x4 
7x4 
7-X4 

0    c       ••      "       

^.5                                   ....a.... 
0     1         *•        •*          

W.J                                  ********* 
01         *•        '•        

And  for  an  ImcrtMt 

of.... 

e  t  Dcr  cent. ...... .. 

0  ,    ••    ••     

^•3                 •  *• 

■>,••••     

^.5                ........ 

«•••••     

•'•7                 -•....•.. 
1  0    ••    ••     

Computed  from  Table  170  in  the  manner  explained  in  par.  695.     The  results  of  simi- 
lar computations  for  all  rates  of  grade  are  condensed  in  Table  171. 


558      CHAP.  XIV, —EFFECT  OF  GRADES  ON  TRAIN-LOAD. 

column  but  one  correspond  substantially  with  ONE  line  (that  for  a  i.o 
grade)  of  Table  171.  All  the  other  lines  of  Table  171  were  computed  in 
the  same  way  from  Table  170,  the  figures  only  differing. 

697.  It  will  be  seen  in  Table  172  that  a  tank  engine  which  has  all  its 
weight  on  drivers  gives  exactly  the  same  per  cent  of  change  in  motive- 
power  per  unit  of  change  of  grade,  whether  it  be  great  or  small.  In  pro- 
tion  as  the  dead  weight  of  the  engine  becomes  a  larger  proportion  of  the 
weight  on  drivers,  the  absolute  per  cent  of  change  in  motive-power  in- 
creases, and  likewise  the  irregularity  of  the  percentage. 

698.  By  interpolation  in  Table  171,  the  percentage  for  almost  any 
kind  of  a  change  of  grade  can  be  readily  determined.  These  percentages 
do  not  vary  to  any  important  extent  with  the  pattern  of  engine,  within 
the  range  likely  to  be  used  for  freight  service,  nor  even  for  considerable 
differences  in  the  assumed  ratio  of  adhesion.  Moreover,  as  it  is  now  well 
established  that  i  is  the  proper  ratio  to  assume,  for  American  practice 
at  least,  no  other  should  be  assumed. 

699.  Ordinarily  the  changes  of  grade  which  the  engineer  is  called 
upon  to  consider  are  not  very  great.  The  typical  percentage  for  any  or- 
dinary change  in  any  grade,  for  use  in  estimating  the  value  of  a  reduc- 
tion or  the  cost  of  an  increase,  may  therefore  be  taken  to  be  that  due  to 
a  change  of  o.i  per  cent  in  it.  as  shown  in  Table  178,  which  is  practically 
the  same  for  either  an  increase  or  a  decrease  of  grade.  For  extreme  dif- 
ferences of  conditions,  of  any  kind,  the  actual  percentage  of  change  in 
engine-tonnage  should  be  directly  computed  from  the  relative  train-loads 
given  in  Table  170. 

We  are  now  prepared  to  consider  the  cost  of  changing  the  hauling 
power  of  engines  by  changes  of  grades. 

700.  Table  173  will  illustrate  how  enormously  the  virtual  gradient  as  well 
as  the  work  of  the  engine  may  be  increased  by  frequent  stops  and  quick  starts. 
On  the  New  York  Elevated  Railway  the  stops  are  so  close  together  that  it  is  ab- 
solutely essential  that  speed  should  be  gotten  up  very  quickly  indeed  if  reason- 
ably fast  time  is  to  be  made.  Accordingly  we  find  that  the  work  done  in  get* 
ting  up  speed  is  equivalent  to  an  addition  to  the  actual  grade  of  2.63  per  cent, 
or  139  feet  per  mile — an  addition  so  great  that  whether  the  actual  grade  be  I 
per  cent  up  or  i  per  cent  down  makes  comparatively  little  difference  in  the 
working  of  the  engine.  Table  173  gives  an  extreme  example  of  conditions 
which  obtain  very  largely  in  passenger  service,  and  which  make  frequent  stops 
a  very  serious  disadvantage.  Due  allowance  for  this  effect  should  never  b* 
forgotten  in  attempting  to  determine  what  the  actual  grades  are. 


CMAP.  XIV.^EFFECT  OF  GRADES  ON  TRAIN^LOAD.      559 


Table  173. 

Handukg  or  Trains  on  Manhattan  (Elevated)  Railway  (Third  Avenue 

Line). 

(From  a  paper  by  Mr.  Frank  J.  Sprague  before  the  Boston  Society  of  Arts,  x886.] 


Length  of  line 8.48miles. 

Total  lift,  up  track 1^.41  ft. 

Lineal  distance  for  same i3«ioo       ft. 

Total  lift,  down  track 137.60  ft. 

Lineal  distance  of  same. ... . —  16,510       ft. 

Level  00  each  track iStXoo       ft. 

Nnmber  of  stations 07 

Number  of  stoppages s6 

Average  Times  : 

Single  trip 49min. 

Per  station 97aec. 

Underway 80    " 

Stop 17    " 

Time  doe  to  a  ma  witiioiit  stop  at 
max.  speed  of  19.S  m.  per  hour..  36.56  min. 

Total  time  standing  still  st  su- 
tiona*  at  17  sec  each 7.37    ^ 

Time  lost  in  slowing  op  and  get- 
tingnnderway 8.07    *' 


Total ^ 49.00  min. 


ATcrage  distance  between  sutions.  x,7aa  ft. 
Divided  nearly  as  follows: 

Getting  up  to  10  miles  per  hour 130  ft. 

Thence  to  full  speed  (19.2  miles  per 

hour) 49s  ft. 

Full  speed 83  ft. 

Slowing  to  stop ...  389  ft. 

Average  Speed— miles  per  hour : 

Getting  under  way 13.4 

Full  s^ed X9.a 

Slowing  to  stop 9.6 

Mean  between  stations. za.x 

Daily  Work  of  One  Engine  : 

Round  trips  made 9 

Coal  used 5,760  lbs. 

Hours  on  duty ao 

Hours  using  steam 6 

Av.  consumption  of  coal  per  trip. ...    640  lbs. 
Total  horse-power  per  round  trip. . .        6,184 

Horse-power  per  pound  of  coal  -^-^  s     9.66 

040 


Pounds  of  coal  per  H.  P.  p.  h . 


60 
9.66 


6.SS 


Fora 


_  in  milMper  hour  of. 
ity-head  (Table  118)  is 


xo.o 
3.55  ft 


X9.a 
X3.iofL 


Divided  by  distance  to  acquire  that  speed >35  fL  49SfL 

-Givna  as  tne  Tirtoal  gradient  dne  to  that  acceleration,  in  excess 

of  the  actual  grade    8.63  p.  c  a.64p.  c. 

If  the  actual  grade  be  x  per  cent  up,  the  same  speeds  will  be 

acquired  in  a  distance  of ax8  fL  800  ft. 

Or  if  1  per  cent  down,  in 98  fL  360  fL 

Even  ao  extreme  a  difference  in  grade  makes  comparatively  little  difference,  therefore,  in 
practical  operation. 

Getting  up  speed  to  19.2  miles  an  hour  26  times  is  equivalent  to  lifting  the  train  ver- 
tically 13.10  X  36  s  340.6  ft.  in  a  run  of  8.5  miles,  or  40  ft.  per  mile,  whereas  the  total 
tractive  resisunoe  in  motioo  at  that  speed,  at  zo  lbs.  per  ton,  is  equivalent  to  some  96  ft. 
per  mile  oolgr* 
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CHAPTER  XV. 

THE   EFFECT   OF   TRAIN-LOAD   ON   OPERATING   EXPENSES. 

701.  The  increase  in  train  resistance  which  results  from  an  increase 
of  ruling  grade  can  be,  and  is,  overcome  in  either  of  two  ways:  (i)  By  an 
increase  in  the  weight  and  power  of  engines ;  (2)  by  decreasing  the  weight 
and  increasing  the  number  of  trains. 

The  first  of  these — increasing  the  weight  of  engines — is  by  much  the 
cheaper,  but  is  only  possible  to  a  limited  extent  and  under  special  cir- 
cumstances.   Ordinarily,  it  is  not  fair  to  assume  that  heavier  engines 
are  used  on  one  alternate  grade  than  on  another,  because,  whatever 
advantage  may  be  gained  by  using  heavier  engines  on  one  grade  may  be 
equally  well  gained  on  the  other  grade.    It  is  far  more  frequently  possi- 
ble to  fairly  assume  the  use  of  heavier  engines  on  heavier  grades  with 
passenger  than  with  freight  service,  but  passing  (until  par.  732)  the  ques- 
tion of  when  it  is  or  is  not  possible  to  adopt  the  cheaper  expedient,  we 
will  estimate  the  cost  of  each  separately. 

THE  COST  OF  INCREASING  THE  WEIGHT  OF  ENGINES. 

702.  The  following  items  will  not  be  increased  at  all  by  an  increase  of 
weight  of  engines  to  suit  the  requirements  of  a  higher  grade,  the  weight 
of  train  remaining  the  same :  The  cost  of  (i)  repairs  of  cars;  (2)  train- 
wages  ;  (3)  general  expenses  ;  (4)  maintenance  of  way  and  works,  exclusive 
of  rail  and  tie  renewals  and  lining  and  surfacing;  (5)  that  portion  of  the 
maintenance-of-way  expenses  last  excepted  which  is  caused  by  the  cars 
and  not  by  the  engines. 

The  most  reasonable  estimate  which  can  now  be  made  of  the  relative 
elfect  of  engine  and  cars  upon  the  track  is  (pars.  115,  116)  that  consider- 
ably over  half  of  the  deterioration  of  track  comes  from  the  passage  of  en- 
gines over  it,  and  the  remainder  only  from  the  passage  of  cars,  which  may 
weigh  ten  or  twenty  times  as  much.    Assuming  one  half  only,  we  are  led 
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to  the  conclusion  (see  Table  175)  that  more  than  three  quarters  of  the 
total  expenditure  is  unaffected  by  an  increase  of  the  weight  of  engines  in 
any  visible  and  direct  way. 

703.  The  effect  on  cost  of  maintenance  of  track  of  increasing 
the  weight  of  engines  has  been  greatly  modified  and  much  reduced  since 
the  publication  of  the  first  edition  of  this  volume  (prepared,  as  it  neces- 
sarily was.  from  records  which  were  some  years  old  in  1876)  by  the  now 
universal  use  of  steel  rails  in  place  of  iron.  The  causes  and  extent  of  the 
:hanges  thus  brought  about  have  been  already  summarized  in  par.  109 
'/  seq.  The  most  important  of  all,  as  respects  the  use  of  heavy  engines, 
s  that  the  nature  of  the  wear  of  rails  has  changed.  With  iron  rails,  the 
irear  took  the  form  of  a  crushing  or  lamination,  which  destroyed  their 
lUrface  long  before  the  direct  abrasion  had  become  a  serious  matter.  This 
rrushing  was  very  greatly  hastened  by  heavy  loads  per  wheel,  and  in- 
xeased  in  much  faster  ratio— to  the  extent  that  iron  rails  which  would 
;ustain  the  passage  of  light  engines  for  many  years  would  be  crushed  out 
>y  heavy  engines  in  a  few  months.  On  the  other  hand,  with  steel  rails 
[excluding  those  of  inferior  quality,  of  which  far  too  many  have  been  and 
ire  laid)  the  wear  is  merely  direct  abrasion,  which  is  not  materially  in- 
creased per  ton  of  train  either  by  load  per  wheel  or  speed.  As  respects 
the  last  at  least,  there  is  very  good  reason  to  believe  that  it  increases  in 
much  less  than  direct  ratio. 

704i  For,  as  respects  speed,  when  the  question  is  one  merely  of  abrasion 
and  not  of  destruction  impact,  the  less  the  time  to  which  the  rail  is  exposed  to 
load  the  less,  undoubtedly,  the  normal  crushing  effect,  for  the  same  reason 
that  journal  and  other  (i.e.,  brake)  friction  is  less  at  high  speeds  or  that  it  takes 

more  force  to  rupture  a  specimen  in  a  test-  T — 

ing-machine  quickly  than  slowly.     Impacts 

proper  play  their  part,  no  doubt,  in  the  wear  '  '      *         'q 

of  steel  rails  as  of  iron  rails,  but  so  long  as  the  Pic.  170. 

surface  remains  tolerably  good  (as  it  does  almost  indefinitely  with  the  best  steel 

rails)  it  is  a  small  part.     When  the  surface  becomes   seriously  impaired   steel 

rails  go  almost  as  quickly  as  iron ;  but  either  with  steel  or  iron  the  effect  of  the 

impacts  is  not.  as  is  often -*«^- ^^-^ • 

assumed,  as  Mi^,    This  is  ^^^^^^>^.y^^^i^^^^ 

true  of  a  body  impinging  ^^^^^^^^o^ 

directly  upon  another;  but  ^"^ 

one     caused     to    impinge  .  Fig.*i7x. 

upon  another  in  jumping  from  A  \q  B  under  conditions  outlined  clearly  enough 
in  Fig.  170  impinges  at  a  different  angle,  which  has  the  effect  of  reducing  the  im- 
pact communicated  to  B  to  the  approximate  ratio  Mv  ;  and  when  we  assume  a 
36 
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s  K"'; 


II  nmrc  ilusely  approaching  average  practical  conditio 
ici  lu-i^omc!  more  nearly  in  the  ratio  M  ^v. 
a\\\  ciciiily  from  ejtperience  on  tracks  where  the  vaa 
iJerable,  as  notably  on  the  four  tracks  of  the  New  Vc 
icr  Railroad,  two  of  which  are  used  for  passengw^" 
rfiyht  only.  The  observed  rate  of  ivear  per  ton  is  dou- 
5.  in  >(ille  of  the  fact  that  the  proportion  of  engiofric: 
on  the  passenger  tracks. 

ease  of  load,  abrasion,  other  things  being  eqa-- 
lould  be  in  some  approximately  exact  ratio  to  ■ 
.i.Hmunt  (ibre-strain.  If  we  assume  an  elastic  c= 
der  or  sphere  10  be  rolling  on  a  plane,  a  disL: 
ir\  of  form  will  result  from  compression,  rnd-- 
iilined  in  Fig.  171.  The  volume  of  this  soE 
lown  in  plan  in  Fig.  173.  will  be  in  direct  ih 
I  the  total  load,  but  the  maximum  hbre-strain  '^ 
;  in  proportion  to  the  maximum  ordinate  C 
hich  varies  more  nearly  as  \fL  or  even  V^  — 
■  10  the  surfaces  in  contact. 
,  and  too  unimportant  for  our  immediate  pui^( 


f  the  Pennsylvania  Railroad  on  the  w&_a 
X  that  not  more  than  half,  01 
n  be  considered  to  pa 
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constant.  With  inferior  steel  rails  it  may  be  much  more,  but  with  such 
rails  as  may  be  had  at  the  same  cost  by  adequate  care  in  inspection  this 
estimate  is  a  sufficient  one. 

707.  The  remaining  items  of  maintenance  of  way,  for  bridges  and 
BUILDINGS,  are  very  slightly  affected,  certainly  by  not  more,  in  ordinary 
cases,  than  \  ct.  per  train-mile,  the  whole  being  an  allowance  for  interest 
and  maintenance  charges  on  heavier  bridges. 

708.  Repairs  of  engines  are  affected  much  less  than  would  be  sup- 
posed by  the  weight  of  engines.  Renewals  constitute,  as  per  Table  55  and 
others,  from  40  to  50  per  cent  (under  normal  conditions,  which  can  hardly 
be  said  as  yet  to  exist  on  account  of  the  rapid  growth  of  traffic)  of  what  ap- 
pears charged  to  "repairs."  Table  174  affords  the  means  for  estimating 
that  considerably  less  than  50  per  cent  of  tht  Jlrst  cost  of  engines  varies 
directly  with  weight,  the  remainder  being,  within  moderate  limits  of 
variation,  a  constant. 

Of  the  remaining  cost,  repairs  proper,  it  is  indicated  in  Table  ^^etseq, 
and  a  number  of  others,  that  between  50  and  60  per  cent  is  for  labor  only : 
an  item  which  will  be  somewhat,  but  very  slightly,  affected  by  the  weight 
of  engines.  The  remaining  expenditures,  for  raw  materials  and  for 
wheels,  axles,  and  tires,  will  vary  nearly,  but  not  quite,  directly  as  the 
Weight. 

It  would  appear  from  these  facts  that  50  per  cent  of  the  cost  of  repairs 
Hay,  with  sufficient  exactness,  be  assumed  to  vary  directly  with  weight 
^f  engines,  the  remainder  being  constant,  as  has  been  already  stated  in 
*ar.  134. 

709.  The  cost  of  fuel  for  heavier  engines  hauling  the  same  train 
»ehind  them  will  not  be  largely  increased.  In  not  a  few  cases  there 
^ould  be  an  actual  decrease.  It  is  to  be  remembered  that,  even  if  heavier 
ng^nes  are  used  to  overcome  a  somewhat  higher  gn^de,  it  is  only  for  a 
bort  distance  that  the  extra  power  is  required.  On  all  up  grades  below 
be  maximum,  and  in  descending  all  grades,  the  power  required  and  ex- 
erted will  be  no  greater  than  with  the  smaller  engine,  except  the  slight 
iddition  due  to  the  weight  of  the  engine  itself,  and  this  power  will  be 
somewhat  more  economically  exerted  (par.  579),  owing  to  the  heavier  en- 
j^ine  being  less  pushed.  The  constant  wastage  from  radiation,  stopping 
md  starting,  etc.,  estimated  in  par.  344  et  seq,,  at  50  per  cent  of  the  fuel 
:onsumption,  will  remain  for  the  most  part  constant. 

For  all  these  reasons  together,  on  something  like  two  thirds  of  the 
length  of  ordinary  railways  the  fuel  burned  per  mile  would  be  but  slightly 
if  at  all  affected  by  moderate  (not  over  20  per  cent)  differences  in  weight 
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Table  174. 

Comparative  Cost   Per  Ton  of  Various  Sizes  of  Engines,  Broad  and 

Narrow  Gauge. 

[Compiled  from  information  famished  by  the  Baldwin  Locomotive  Works.] 

American   Type — Standard  Gauge. 


Wbight  (net  tons). 

Cost,  1886. 

Cylinders. 

Total. 

On  Drivers 

Engine. 

Tender. 

Per  Too  on 
Drivers. 

12    X    22 

24. 

15. 

•5.750 

•950 

I383 

13  X  24 

27. 

18. 

6,000 

1,000 

333 

14  X  24 

295 

19.5 

6.250 

1,050 

321 

15  X  24 

32.5 

22. 

6.500 

1,100 

295 

16  X  24 

36. 

24-5 

6.750 

1,150 

270 

17  X  24 

38. 

25.5 

7.000 

1,200 

275 

18   X  24 

41. 

27.5 

7,250 

1,250 

264 

Mogul  Type — Standard  Gauge. 


16  X  24 

37. 

32.5 

•7,250 

•I.I50 

•223 

17  X  24 

39. 

34.5 

7,500 

1.200 

217 

18  X  24 

42. 

37. 

7.750 

1,300 

209 

19  X  24 

45. 

40. 

8,000 

1,350 

200 

Consolidation   Type — Standard  Gauge, 


20  X  24 

21  X  24 


53. 
59. 


46. 
52. 


•9,250 
9,750 


•1,400 
1.400 


•201 

1S8 


N arrow-Gauge  Engines. 
American   Type. 


10  X  16 

16.5 

.11. 

•4,750 

•750 

•432 

II   X   16 

18. 

12. 

5.000 

775 

417 

12    X    16 

19.5 

13. 

5,250 

800 

404 

13  X  16 

22.5 

15.5 

5.500 

850 

355 

14  X  16 

24. 

16.5 

5.750 

900 

357 

Afogul  Type. 


II   X   16 

17.5 

14.5 

•5.250 

•800 

•362 

12    X    16 

20. 

16.5 

5.500 

850 

334 

13   X   16 

23. 

19.5 

5.750 

900 

295 

14  X   16 

25. 

21.5 

6.000 

950 

278 

15   X   16 

28. 

24.5 

6,250 

1,000 

255 
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constant.  With  inferior  steel  rails  it  may  be  much  more,  but  with  such 
rails  as  may  be  had  at  the  same  cost  by  adequate  care  in  inspection  this 
estimate  is  a  sufficient  one. 

707i  The  remaining  items  of  maintenance  of  way,  for  bridges  and 
BUILDINGS,  are  very  slightly  affected,  certainly  by  not  more,  in  ordinary 
cases,  than  \  ct.  per  train-mile,  the  whole  being  an  allowance  for  interest 
and  maintenance  charges  on  heavier  bridges. 

708.  Repairs  of  engines  are  affected  much  less  than  would  be  sup- 
x>sed  by  the  weight  of  engines.  Renewals  constitute,  as  per  Table  55  and 
>thers,  from  40  to  50  per  cent  (under  normal  conditions,  which  can  hardly 
>e  said  as  yet  to  exist  on  account  of  the  rapid  growth  of  traffic)  of  what  ap- 
>ears  charged  to  "repairs."  Table  174  affords  the  means  for  estimating 
:hat  considerably  less  than  50  per  cent  of  tht  first  cost  of  engines  varies 
lirectly  with  weight,  the  remainder  being,  within  moderate  limits  of 
irariation,  a  constant. 

Of  the  remaining  cost,  repairs  proper,  it  is  indicated  in  Table  ^^etseg. 
ind  a  number  of  others,  that  between  50  and  60  per  cent  is  for  labor  only : 
an  item  which  will  be  somewhat,  but  very  slightly,  affected  by  the  weight 
of  engines.  The  remaining  expenditures,  for  raw  materials  and  for 
wheels,  axles,  and  tires,  will  vary  nearly,  but  not  quite,  directly  as  the 
weight. 

It  would  appear  from  these  facts  that  50  per  cent  of  the  cost  of  repairs 
may,  with  sufficient  exactness,  be  assumed  to  vary  directly  with  weight 
of  engines,  the  remainder  being  constant,  as  has  been  already  stated  in 
par.  134. 

709.  The  cost  of  fuel  for  heavier  engines  hauling  the  same  train 
behind  them  will  not  be  largely  increased.  In  not  a  few  cases  there 
i^ould  be  an  actual  decrease.  It  is  to  be  remembered  that,  even  if  heavier 
engines  are  used  to  overcome  a  somewhat  higher  gn^de,  it  is  only  for  a 
(hort  distance  that  the  extra  power  is  required.  On  all  up  grades  below 
:he  maximum,  and  in  descending  all  grades,  the  power  required  and  ex- 
erted will  be  no  greater  than  with  the  smaller  engine,  except  the  slight 
addition  due  to  the  weight  of  the  engine  itself,  and  this  power  will  be 
somewhat  more  economically  exerted  (par.  579),  owing  to  the  heavier  en- 
gine being  less  pushed.  The  constant  wastage  from  radiation,  stopping 
and  starting,  etc.,  estimated  in  par.  344  et  seq,,  at  $0  per  cent  of  the  fuel 
consumption,  will  remain  for  the  most  part  constant. 

For  all  these  reasons  together,  on  something  like  two  thirds  of  the 
length  of  ordinary  railways  the  fuel  burned  per  mile  would  be  but  slightly 
if  at  all  affected  by  moderate  (not  over  20  per  cent)  differences  in  weight 
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Table  174. 

Comparative  Cost   Per  Ton  of  Various  Sizes  of  Engines,  Broad  and- 

Narrow  Gauge. 

[Compiled  from  information  furnished  by  the  Baldwin  Locomotive  Works.] 

American   Type — Standard  Gauge. 


Wbight  (net  tons). 

Cost,  1886. 

Cylindkrs. 

Total. 

On  Drivers 

Engine. 

Tender. 

Per  Ton  00 
Drivers. 

12    X    22 

24. 

15. 

•5.750 

•950 

•383 

13  X  24 

27. 

18. 

6,000 

1,000 

333 

14  X  24 

295 

19.5 

6.250 

1,050 

321 

15  X  24 

32.5 

22. 

6.500 

1,100 

295 

16   X  24 

36. 

24.5 

6.750 

1,150 

276 

17  X  24 

38. 

25.5 

7.000 

1,200 

275 

18  X  24 

41. 

27.5 

7.250 

1,250 

264 

20  X  24 

21  X    24 


Mogul  Type — Standard  Gauge. 


16  X  24 

37. 

32.5 

•7.250 

•1,150 

•223 

17  X  24 

39. 

34.5 

7,500 

1,200 

217 

18  X  24 

42. 

37. 

7.750 

1.300 

209 

19  X  24 

45. 

40. 

8,000 

1.350 

200 

Consolidation   Type — Standard  Gauge, 


53 
59 


46. 
52. 


•9,250 
9.750 


•1,400 
1.400 


•201 

xS6 


Narrow-Gauge  Engines. 
American   Type, 


10  X   16 

16.5 

.11. 

•4.750 

•750 

•43a 

II   X   16 

18. 

12. 

5,000 

775 

417 

12    X    16 

19.5 

13. 

5.250 

800 

404 

13  X  16 

22.5 

15.5 

5,500 

850 

355 

14  X   16 

24. 

16.5 

5,750 

900 

357 

Mogul  Type. 


II   X   16 

17.5 

14.5 

•5.250 

•800 

•36a 

12    X     If) 

20. 

16.5 

5.500 

850 

334 

13   X   16 

23. 

19.5 

5.750 

900 

295 

14  X   16 

25. 

21.5 

6.000 

950 

278 

15   X   16 

28. 

24-5 

6,250 

I.OOO 

255 
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Table  174i — Continued, 

Consolidation  Type, 


Weight  (net  tons). 

Cost,  x886. 

CVLINOBBS. 

Total. 

On  Drivers. 

Enfi:ine. 

Tender. 

Per  Ton  on 
Drivers. 

15  X   18 

16  X   18 

28. 
34. 

24. 
29. 

$6,750 
7.250 

$950 
1,000 

$282 
250 

Comparison  of  the  above  table  shows  that  the  cost  of  engines  increases  at  about  the 
%te  of  $250  per  inch  of  cylinder  diameter,  about  $750  per  extra  drivings-axle,  and  $250 
icr  extra  truck-axle;  which  are  builders^  approximate  r»/^x,  starting  from  the  17x24 
\jikerican  engine  as  the  standard  or  unit  type. 

Comparing  the  lightest  and  heaviest  engines  of  each  type^  we  find  that  the  cost  per  ton 
20  drivers  of  extra  weight  is  but  little  over  $100  per  ton,  vix.: 

Standard    Narrow 
Gauge.      Gauge. 

American, $120         $182 

Mc^iilf 100  100 

Consolidation 125  100 

These  figures  indicate  that,  on  an  average,  the  first  cost  of  additional  power  in  engines 
is  considerably  less  than  half  the  average  cost. 

Messrs.  Bumham,  Parry,  Williams  &  Co.,  proprietors  of  the  works,  state  in  an  ac- 
companying letter : 

**  Respecting  the  relative  cost  of  narrow-  and  standard-gauge  locomotives  of  the  same 
weight  and  pattern,  we  have  long  believed  that  in  many  cases  where  narrow-gauge  rail- 
roads have  been  contemplated  it  would  be  more  economical  *and  desirable  to  lay  light 
rails  56^  inches  apart,  and  use  rolling-stock  of  the  weight  usual  on  narrow-gauge  roads. 
We  have,  therefore,  given  much  attention  to  the  subject  of  your  question.     Our  ex- 
perience indicates  that  for  engines  of  similar  weight,  dimensions,  and  pattern,  differing 
only  in   gauge,  there  is  no  appreciable  difference  in  cost.     What  extra  expense  is  in- 
volved by  the  greater  cross-measurements,  is  quite  compensated  for  by  the  reduced  length, 
as  the  greater  distance  between  the  frames  permits  of  widening  and  shortening  the  fire- 
box, with  corresponding  reduction  in  length  of  frames  and  wheel-base.     The  shorter 
vrheel-base  enables  the  engine  to  curve  more  readily,  removing  in  a  measure  one  of  the 
objections  urged  against  the  standard  gauge.     For  these  reasons  we  have  been  led  to  de- 
sign a  series  of  standard-gauge  locomotives,  precisely  similar  in  all  except  gauge  and  the 
details  of  construction  dependent  thereon,  to  equivalent  narrow-gauge  engines,  and  which 
are  offered  at  the  same  price." 


of  engines,  and  on  the  remaining  distance  not  more  than  50  per  cent  of 
the  fuel  burned  would  vary  directly  with  the  weight  and  power  exerted. 
As  an  average  of  entire  runs,  it  is  entirely  adequate  to  assume  that  25  per 
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cent  of  the  total  fuel  consumption  varies  directly  with  the  weight  of  engines 
hauling  the  same  train  over  for  the  most  part  the  same  grades,  and  that 
the  remaining  75  p)er  cent  is  unaffected.  On  this  basis,  an  engine  20  per 
cent  heavier  would  average  for  entire  runs  not  over  5  p)er  cent  more  fuel 
to  haul  the  same  trains.  The  cost  of  supplying  oil  and  water  would  vary 
in  about  the  same  proportion. 

710.  These  various  items  are  summed  up  in  the  following 
Table  175.  As  already  stated,  however,  it  is  only  under  very 
exceptional  circumstances  and  on  a  limited  scale  that  it  is  proper 
to  assume  that  differences  of  grade  can  or  will  be  overcome  in 
practice  by  the  cheap  and  apparently  simple  expedient  of  in- 
creasing the  weight  of  engines  for  freight  service,  and  on  roads 
enjoying  a  moderately  large  passenger  traffic  the  same  is  very 
nearly  true  of  passenger  trains.  The  engines  will  in  any  case  be 
made  as  powerful  as  is  deemed  feasible  or  expedient,  for  conveni- 
ence in  stopping  and  starting,  and  for  occasional  exigencies,  if  for 
nothing  else;  and  anything  which  reduces  their  hauling  capacity  at 
the  requisite  speed  between  stations  will  be  apt  to  result  directly 
or  indirectly  in  running  shorter  trains  and  more  of  them.  This  is 
far  from  an  unmixed  disadvantage  under  many  circumstances 
(par.  89),  but  nevertheless  it  is  a  real  disadvantage. 

711.  Table  175  itself  makes  clear  why  it  is  entirely  improper 
to  assume  the  use  of  heavier  engines  to  meet  the  demands  of 
heavier  grades,  by  indicating  that  there  is  always  a  great  econ- 
omy in  using  the  heaviest  engines  which  the  traffic  will  warrant 
To  double  the  weight  of  engine  to  haul  the  same  train  will  only 
add  some  14  per  cent  to  expenses,  according  to  Table  175.  If  by 
<loubling  the  weight  of  engine  we  can  also  halve  the  number  of 
trains,  we  immediately  effect  an  immense  economy  in  train-wages, 
engine  repairs,  fuel,  and  maintenance  of  way,  exceeding  more 
than  threefold  (Table  176)  the  increased  expense  per  train-mile 
due  to  the  heavier  weight  of  engine.  It  is  only  when  the  grades 
are  so  very  low  (approximating  closely  to  a  level)  that  even  a 
light  engine  can  haul  the  fifty  or  sixty  loaded  cars,  which  are 
as  many  as  can  be  conveniently  handled  with  the  present  bad 
style  of  coupling,  that  heavier  engines  can  be  legitimately  assumed 
to  meet  the  requirements  of  a  heavier  grade;  if  even  then. 
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Table  175. 

u>  Average  Cost  Per  Train-Mile  of  Doubling  the  Weight  of 
Engines  to  Haul  the  Same  Train. 

ercentage  by  which  any  given  change  of  grade  will  require  the  weight  of  engines 
r  of  trains)  to  be  increased  is  given  in  Table  171.] 


Itbm. 
[As  per  Table  80,  page  179.) 


:e,  and  water 

epairs 

g-engines 

tges  and  supplies. . . . , 
itenance  and  mileage 

s,  rails 

g  track 

s.  ties 

rk,  ballast,  etc 

and  sidings , 

and  buildings 

Lerminal,  and  general 

a 


Average 

Cost  of  Item. 

Cents  or 

Per  Cent. 


7.6 
1.2 
5.6 
5.2 
15.4 
12.0 
2.0 
6.0 
3.0 
4.0 

2.5 

5.5 
30.0 


100. o 


Per  Cent  Added  by 

Doubling  Weight 

of  Engine. 


25  per  cent. 


(( 


50  per  cent. 
Unaffected. 


50  per  cent 

(( 

(< 
(( 


14. 1  percent 


Added 

Cost. 
Cents  or 
Per  Cent. 


1. 9 

0.3 
2.8 


I.O 

3.0 

1.5 
2.0 

1.3 
0.3 


14. 1 


haps  one  further  exception  should  be  made — when  the 
s  so  very  light  that  it  is  not  practically  convenient  to  run 
avy  trains,  as  when  it  is  less  than  three  to  five  freight  trains 

r 

• 

Table  175  also  explains  why  there  is  so  great  a  tendency 
ease  the  weight  of  passenger  trains  by  supplying  more 
us  accommodations.     It  is  because — 
I  very  powerful  engine  costs  but  little  more  to  run  than  a 
ne  (Table  175). 

"oal  consumption  is  but  little  increased  by  material  differ- 
n  the  weight  of  cars  (par.  129). 

Trades  have  but  little  influence  upon  passenger  trains 
hey  become  very  long  (par.  397  ff  seg,),  and  by  slight  re- 
is  of  velocity  on  up  grades  only  the  effect  of  increased  weight 
equalized  if  necessary  (fable  120),  running  somewhat 
down  hill.     (See  also  Table  180,  p.  579). 
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4.  It  encourages  traffic  to  run  more  passenger  trains  (par.  89), 
and  discourages  it  materially  to  attempt  to  crowd  the  traffic  upon 
a  few  trains. 

5.  And  more  important  than  all,  the  increased  luxury  is  a 
great  attraction  to  travel,  and  added  travel  thus  secured  is  of 
immense  value  to  the  property  (pars.  37-41). 

713.  The  cost  of  increasing  the  number  of  engines  to  haul 
THE  same  traffic,  On  account  of  a  heavier  grade,  may  be  estimated  as 
follows : 

The  number  of  trains  is  supposed  to  be  increased  by  a  change  of  mazi- 
mum  grade  only,  which  will  not  ordinarily  extend  over  one  third  of  the 
distance.  While  running  over  the  remaining  distance,  the  work  done  on 
the  train  behind  the  engine  will  vary  according  to  the  weight  or  number 
of  cars.  While  running  on  the  maximum  grade  the  power  exerted  by  the 
engine  will  be  the  same,  since  in  each  case  the  engine  is  supposed  to  be 
fully  loaded  on  that  grade. 

714.  Fuel. — For  reasons  already  enumerated  (par.  344),  about  one 
half  of  the  consumption  of  fuel  will  vary  directly  with  the  tonnage  of  the 
train ;  the  other  half,  consisting  of  the  fuel  burned  in  stopping  and  start- 
ing (in  part),  getting  up  steam,  loss  by  radiation,  loss  by  head  resistance, 
etc.,  making  up  in  the  aggregate  the  50  per  cent  which  is  unaffected  by 
the  length  of  the  train. 

If.  therefore,  the  maximum  grade  be  increased  on  about  one  third  the 
length  of  the  road,  while  on  the  remainder  the  grades  remain  about  the 
same,  about  half  the  consumption  on  two  thirds  of  the  distance,  equal  to 
all  the  consumption  on  one  third  of  the  distance,  or  33  per  cent  of  the 
entire  consumption  will  vary  directly  with  the  net  weight  of  the  train  ;  so 
that,  if  the  grade  were  so  increased  as  to  take  two  locomotives  instead  of 
one  to  handle  the  same  traffic,  the  fuel  consumption  would  be  as  i.o  to 
1.67  at  mo3t,  and  not  as  i.o  to  2.0.  as  might  be  over-hastily  assumed. 
The  aggregate  cost  of  oil,  waste,  and  water  will  vary  in  about  the  same 
proportion. 

715.  Train-wages  will  of  course  vary  directly  with  the  number  of 
trains,  unless  the  change  of  grade  in  contemplation  were  so  great  as  to 
shorten  up  trains  so  as  to  dispense  with  one  brakeman,  which  can  rarely 
happen. 

716.  Station,  terminal,  and  general  expenses  will  remain  unaf- 
fected by  any  moderate  chanp^e.  but  there  is  nothing  by  which  they  arc 
so  quickly  affected  as  by  a  decided  increase  in  the  number  of  trains,  and 
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a  foil  aoper  cent  of  their  aggregate  may  be  considered  as  varying  directly 
therewith. 

717.  Of  the  COST  OF  MAINTENANCE  OF  WAY  wc  cannot  directly  account 
for  an  increase  of  more  than  one  half  to  two  thirds  as  a  result  of  doubling 
the  engine-mileage,  the  car-mileage  remaining  constant ;  but  the  facts  given 
in  par.  125  and  its  accompanying  Tables  41-44  indicate  that  there  is  an  in- 
•direct  effect  from  multiplication  of  the  number  of  trains  which  seems  to 
cause  all  expenses  for  maintenance  of  way  to  increase  pari  passu  there- 
>rith«  including  some  items,  such  as  those  for  policing,  maintenance  of 
ballast,  road-bed,  and  ties,  etc.,  etc.,  which  should  be  affected  but  little, 
if  any.  apparently,  by  the  precise  number  of  trains  over  the  road.    It  is  to  be 
remembered,  in  considering  the  tables  referred  to,  that  during  the  years 
which  they  cover  the  weight  as  well  as  the  number  of  trains  has  increased 
•enormously,  which  should  naturally  tend  to  keep  maintenance  of  way  per 
train^mile  at  a  high  figure ;  but  after  making  all  allowances  for  this  differ- 
ence, the  chief  cause  for  the  singularly  constant  ratio  of  increase  in  main- 
tenance of  way  and  maintenance  of  rolling-stock  is  probably  this :  A  con- 
tinually advancing  standard  of  maintenance  is  indispensable  as  the  volume 
of  traffic  increases,  and  the  cost  of  each  step  toward  perfection  increases 
about  as  the  square  of  the  number  of  steps.     A  very  slight  expenditure 
suffices  to  make  track  good  enough  for  the  passage  of  one  train  a  day. 
A  slight  addition  suffices  for  two  or  three  trains  a  day,  and  makes  a  great 
improvement  in  the  condition  of  the  track.    A  much  greater  expenditure 
is  necessary  to  fit  the  track  for  ten  trains  a  day,  and  yet  the  visible  ad- 
vance in  condition  is  much  less ;  and.  finally,  as  we  get  up  to  thirty  or 
forty  or  fifty  trains  a  day,  a  very  great  additional  expenditure  is  found 
necessary — or  at  least  expedient — although  the  visible  advance  of  condi- 
tion is  very  small.     At  any  rate,  the  fact  seems  to  be  that  even  in  so  ex- 
treme an  advance  as  from  six  trains  a  day  to  sixty  (see  top  of  page  128), 
the  cost  of  maintenance  of  way  per  train-mile  does  not  decrease,  but 
rather  the  total  cost  per  mile  of  road  increased  tenfold  with  the  number 
of  trains. 

718.  Investigation  clearly  indicates  this  to  be  the  fact.  We  are 
therefore  not  justified  in  going  behind  it,  to  see  whether  we  can  explain 
it,  but  must  take  it  as  it  is.  If  we  do  s  >,  we  are  compelled  to  estimate 
that  if  by  a  change  of  grade  we  should  double  the  engine- mileage  needed 
for  handling  the  same  tonnage,  we  should  also  double  the  entire  cost  of 
maintenance  of  way.  Making  a  concession  of  somewhat  doubtful  pro- 
priety to  the  fact  that  the  car-mileage  would  remain  the  same,  we  may  ex- 
clude the  cost  of  bridges  and  buildings  as  unaffected  ;  but  this  is  the  most 
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which  can  be  done.  Statistics  do  not  seem  to  indicate  that  the  total  cost 
per  train-mile  on  roads  which  handle  light  trains  is  sensibly  less  than  on 
roads  which  handle  heavy  trains. 

719.  Engine  repairs  should  apparently  vary  directly  with  the  miles 
run  ;  but  the  indications  are  (Table  42  et  al.)  that  as  a  matter  of  fact  it  is 
much  less  likely  to  do  so  than  maintenance  of  way,  owing  in  part  to  the 
large  proportion  of  incidental  expenses  (see  Table  57),  which  are  not  by  any 
means  doubled  to  maintain  a  double  number  of  engines.  There  will  also 
be  a  certain  diminution  of  wear  and  tear  from  stopping  and  starting,  etc 
(see  Table  85,  page  203),  from  the  fact  that  the  trains  to  be  handled  are 
shorter.  Taking  both  of  these  causes  together,  it  is  not  probable  that 
doubling  the  number  of  engines  to  move  the  same  number  of  cars  would 
increase  engine  repairs  in  the  ratio  of  more  than  i.oo  to  1.75,  and  prob- 
ably somewhat  less. 

720.  Car  repairs  are  certainly  affected  beneficially  by  having  a  less 
number  of  cars  to  a  train.  By  referring  to  Table  86  (page  203)  it  will  be 
seen  that  more  than  one  third  of  the  total  cost  of  car  repairs  can  be  di- 
rectly traced  to  the  concussions  of  stopping  and  starting  and  making  up 
trains.  Much  of  tliis  expense  may  disappear  with  the  introduction  of 
better  couplers;  but  even  this  is  doubtful,  as  an  automatic  coupler  will 
permit  of  much  more  violence  in  running  cars  together,  since  a  brake- 
man's  life  between  the  cars  will  no  longer  have  to  be  considered.  A 
diminution  of  at  least  10  per  cent  may  fairly  be  estimated  as  a  result  of 
running  only  half  as  lonj^  trains. 

721.  To  these  expenses,  properly  so  called,  is  to  be  added  an  inter- 
est CHARGE  ON  THE  CGST  OF  THE  ADDITIONAL  MOTIVE-POWER  RE- 
QUIRED by  the  higher  grade,  unless  the  first  cost  of  these  engines  be  in- 
cluded in  the  estimated  cost  of  constructing  the  higher  grade-line,  before 
determining  the  difference  in  the  capital  investment. 

This  should  be  done  because  the  addition  of  the  required  number  of 
engines  is  really  so  much  added  to  the  original  investment.  Before  the 
line  is  ready  to  handle  the  required  traffic  it  is  as  necessary  to  have  them 
as  it  is  to  have  the  track  laid  on  the  high  grade-line  and  not  on  the 
f)iher.  In  considering  differences  of  distance  (if  not  too  great),  or  curva- 
ture, or  rise  and  fall,  this  is  not  so.  The  total  amount  of  equipment  will 
he  the  same  whatever  the  differences  in  that  respect.  We  therefore  es- 
timate the  expenses  regardless  of  interest  on  the  plant,  and  only  consider 
.iilTerences  in  the  cost  of  construction.  Of  the  car  equipment  the  same 
is  true  in  the  case  of  gradients.  Whatever  the  grades,  the  number  of 
cars  will  be  the  same  ;  but  as  the  number  of  engines  is  increased  because 
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of  the  grades,  and  not  for  any  difference  of  traffic,  we  must  either  include 
the  difference  in  the  cost  of  equipment  as  a  part  of  the  cost  of  construc- 
tion, or  add  an  interest  charge  to  expenses.  On  the  whole,  it  is  more 
convenient  to  add  the  interest  charge. 

722.  Putting  together  all  these  items  which  have  been  just 
considered,  we  obtain  the  summary  given  in  Table  176,  as  the 
effect  on  operating  expenses  of  so  increasing  the  rate  of  grade 
as  to  double  the  number  of  engines  required  to  handle  a  given 


Table  176. 

£sTiMATED  Average  Cost  Per  Train-Mile,  of  Doubling  the  Number  of 
Trains  to    Handle   a    Given   Traffic;    or   Proportion    of    Expenses 

.  WHICH  Varies  Directly  with  the  Number  of  Trains,  the  Car-Ton- 
nage REMAINING  CONSTANT. 

[The  percentage  by  which  any  given  change  of  grade  will  require  the  number  of  trains 
(or  weight  of  engines)  to  be  increased,  is  given  in  Tables  171  and  178.] 


Item. 
(As  per  Table  80,  page  179.) 


Fuel 

Oil,  waste,  and  water 

Engine  repairs 

Switching  engines 

Train  wages  and  supplies 

Car  maintenance  and  mileage. 

Renewals,  rails 

Adjusting  track 

Renewals,  ties . . 

Earthwork,  ballast,  etc 

Switches  and  sidings 

Bridges  and  buildings 

Station,  terminal,  and  general 

Total  of  operating  items. . 


Average 

Cost  of  Item. 

Cents  or 

Per  Cent. 


7.6 
1.2 
5.6 
5.2 

15.4 
12.0 

2.0 

6.0 

3.0 
4.0 

2-5 

5.5 
30.0 


100. o 


Per  Cent  Added  by 

Doubling  Number 

of  Trains. 


67  per  cent. 


t( 


75  per  cent. 

Unaffected. 
100  per  cent. 

10  p.  c.  less. 
100  per  cent. 


(( 


(< 


<< 


Unaffected. 
20  per  cent. 


47.8  per  cent. 


To  this  is  to  be  added  the  interest  on  the  cost  of  one  extra  locomo- 
tive for  one  train-mile.  Estimating  the  cost  of  the  locomotive 
at  about  10  000  times  the  cost  of  a  train-mile,  and  the  interest 
thereon  at  6  per  cent  as  about  600  times  the  cost  of  a  train-mile; 
and  estimating  the  average  passenger-engine  mileage  to  be 
40,000  miles  per  year,  we  have,  as  the  interest  charge,  per  mile. 


Making  the  grand  total. 


Added 

Cost. 
Cents  or 
Per  Cent. 


5.1 
0.8 

4.2 

•  •    •    • 

154 
(-1.2) 
2.0 
6.0 
3.0 
4.0 

2.5 

•  •    •    • 

6.0 


47.8 


1.7 


49.5 


I   rt  \WhmSk 
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traffic.  When  and  if  it  can  fairly  be  assumed  that  the  weight  of 
engines  can  be  increased  instead  (par.  711),  Table  175  g^ves  the 
percentage  of  increase  in  expenses. 

723.  In  the  former  edition  of  this  work,  this  summary  was  materially  dif- 
ferent, especially  as  respects  the  effect  of  increasing  the  weight  of  enginei,  as 
shown  in  the  following  Table  177.  The  cause  of  the  discordance  is  simply  the 
change  in  conditions,  in  the  writer's  view,  and  not  that  either  is  etsenttally  in- 
correct. 

Table  177. 

Estimated  Cost  of  Doubling  the  Engine-Tonnage  for  the  same  Cae- 
tonnagb  used  in  the  former  edition  op  this  treatise. 

[For  statistics  based  for  the  most  part  on  iron-rail  track.] 


Toul 

Cost. 

Cts.  or 

Per  Cent. 

For  a  Double  Number 
OP  Engines. 

Foe  a  Double  WeifM 
OP  Bncimbs. 

Itbms. 

Percent  increas- 
ing with  Number 
of  Engines. 

Added 
Coac 

Per  cent  increas- 
ing with  Weight 
of  Boginea. 

Added 
Coat. 

Fuel  

xo.o 
3.0 

9.0 

13. 0 

1 

"30       I 
70      , 

7.0       ! 

30.0 

90  per  cent. 
90  •'     " 
90   "      " 
90  -     " 
100  *'      " 
100   "      *» 
Included  above. 
Unaffected. 

9.0 

* 

•  ai.o 

i 

X3.O 
7.0 

•  ■    •    • 

•  ■    •    • 

50  per  cent. 

r    VM   M      tt 

33    "      " 
[  Unaffected, 
soo  percenL 

VMM    **       •* 

zoo 
Included  above. 
Unaffected. 

5-0 

1    0 

Oil.  waste,  etc. .......  t - 

Enffine  reoairs 

30 

Train-wafires 

Track  reoairs 

•6  a 

Koad-bed  repairs 

Yards  and  structure 

Oeneral  and  station 

7.0 

-  •  ■  • 

•  •  •  • 

Totals  

100. 0       , 

50  per  cent. 

50.0 

4a  per  cent. 

4a.o 

Assumed  average^  48  cents  per  train-mile,  or  48  per  cent  of  operating 

724.  Assuming  that  under  all  ordinary  circumstances,  for 
moderate  changes  of  grade,  any  increase  must  be  met  by  an  in- 
crease in  the  number  and  not  in  the  weight  of  engines,  we  have 
49.5  cents  per  train-mile,  or  49.5  per  cent  of  operating  expenses, 
as  the  portion  of  the  total  expenses  which  will  vary  with  increase 
of  engine-mileage  to  handle  the  same  business,  which  is  not  far 
from  the  cost  of  running  an  engine  light,  as  it  should  be* 

Multiplying  this  amount  by  365  X  2,  we  have 

$0,495  X  365  X  2  =  $361.35 
as  the  yearly  sum  per  daily  train  per  mile  of  road  ^hicYi  varies  di- 
rectly witli  an  increase  of  engine-tonnage  for  the  same  traffic. 
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If,  now,  we  multiply  this  sum  by  the  percentage  of  the  in- 
crease in  engine-mileage  RESULTING  FROM  AN  INCREASE  OF  O.I 
PER  CENT  in  any  ruling  grade,  we  shall  obtain  the  cost  per  daily^ 
train  per  mile  of  road  of  such  increase.  In  other  words,  we  ob- 
tain the  cost  per  train  of  increasing  the  number  of  trains  to  han- 
dle the  same  fixed  tonnage,  or  the  saving  per  train  by  decreasing 
that  number;  i.e.,  we  obtain  the  cost  of  using  i.i,  1.2,  1.5,  or 
2.0  trains,  instead  of  one,  to  handle  a  given  tonnage,  or  the  sav- 
ing by  using  0.9,  0.8,  or  0.6.  That  cost  or  saving  is  given  in 
Table  178,  and  when  multiplied  by  the  estimated  number  of  the 
trains  on  the  grade  for  which  the  traffic  was  estimated,  it  gives 
the  total  cost  or  saving. 

729.  The  cost  thus  obtained  is  not  an  absolute  value,  inde- 
pendent of  the  length  of  the  road,  as  in  the  case  of  the  similar 
values  deduced  for  distance  (Tables  88,  89),  curvature  (Table 
115),  or  rise  and  fall  (Table  124),  but  varies  with  the  length  of 
the  road  or  division,  inasmuch  as  the  ruling  grade  increases  the 
cost  of  operating  the  entire  road,  whatever  the  length  of  the  rul- 
ing grade  itself  may  be.  Hence,  to  obtain  the  true  value  of  re- 
ducing grade,  it  must  be  multiplied  by  the  length  of  the  road. 
It  may  appear  that  it  should  be  multiplied  by,  not  the  actual 
but,  the  equated  length,  according  to  pars.  195-9,  since  we  have 
there  seen  that  10  per  cent  more  distance  does  not  by  any 
means  add  10  per  cent  to  operating  expenses.  But  while  this 
view  is  in  a  sense  correct,  yet  the  items  which  vary  with  a  change 
of  grade  vary  so  nearly  with  distance  likewise,  that  it  would  lead 
us  too  far  to  attempt  any  more  accurate  process  of  equating. 

726.  The  cost  per  year  in  Table  178,  divided  by  the  rate  of 
interest  on  capital,  0.06,  0.07,  etc.,  will  give  the  capitalized 
value  per  daily  train  of  avoiding  an  addition  of  o.i  per  cent  to 
the  ruling  grade.  Thus,  to  avoid  an  increase  of  o.i  per  cent  in 
a  i.o  ruling  grade,  at  6  per  cent  on  capital,  and  for  a  division  100 
miles  long,  we  have 

$2927  _ 


0.06 


$48,783  per  daily  train. 
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Table  178. 
Estimated   Value  per  Daily  Train    of  Avoiding  an  Addition  of  O.i 

Per  Cent  (5.28  FeET   PeR   MiLE)  TO  THE   RaTE  OF  ANY   RULING    GrADB. 

[Cost  per  train-mile  assumed  at  $1.00.] 


1 

Per  Cent  of 

Increase  in 

Eng.  Mileag^e 

for  Each  0.1 

Per  Cent 

Added  to  the 

Grade  (from 

Table  171). 

Cost  Per  Year  Per  O.I  Per 
Cent  Increate  in  Grade. 

ReUtiye  No.  of 

Trains  to 

Haul  Same 

Traffic. 

Rate  of 

Gkadk  to 

ijE  Changed. 

Per  Daily  Train 

=  Preceding   ; 
Per  Cent 

X  $361.35 

X  100  Miles. 

Per  1000  Ton- 
Miles  Dailv  of 
Cart  and  Load 
as  per 
Table  170. 

ReUtive 
NetLoML 

Level 

25.9 

$9,359 

$17.50 

1. 00 

100.00 

0.1 
0.2 

0.3 
0.4 

0.5 
0.6 

0.7 
0.8 
0.9 

20.9 
17.5 
I5-I 

13.3 
II. 9 

10.8 

9.8 
9-2 

8.5 

7.552 

6,353 
5.456 

4,806 
4.300 

3,903 

3,541 
3.324 
3.072 

17-77 
18.03 

18.23 

18.48 

18.75 
19.03 

19.34 
19.74 
20.12 

1.26 

1.52 
1.79 

2.06 

2-33 
2.61 

2.89 
3.18 
3.47 

79-44 
65.72 
55.93 

48.60 
42.88 
38.32 

34-58 
31-48 
28.82 

I.O 

8.1 

2.927 

20.38 

3.76 

26.58 

1.2 
1.4 

1.6 

I'S 
2.0 
2.2 

2.4 
2.6 

2.8 

7.0 

6.3 

5.8 

5-5 
5.1 
4.8 

4.6 

4.4 
4.2 

2.530 
2,277 
2,096 

1.987 
1,843 

1.734 

1,662 

1.590 
1,518 

20.87 

21.43 
22.26 

23.18 
24.26 
25.22 

26.23 
27.22 
28.21 

4.37 

4.99 
5.63 

6.29 
6.98 

7.69 

8.41 
9.16 
9.94 

22.88 

20.04 

17.76 

15.89 
14.32 

13.01 

11.89 
10.92 
10.06 

3.0 

1           4.0 

1 

1,445 

29.02 

10.74 

9.31 

3.5 
4.0 

5-0 

3.6 

3.4 
3.2 

1. 301 
1,229 
1. 156 

31.42 

35  10 

44.82 

12.92 
15.29 
20.74 

7.74 

6.55 

4.83 

Comparison  of  the  third  and  fourth  columns  will  show  that  while  the 
/<•/-  </c///i'  train  of  a  R:iven  increase  of  gjade  is  much  less  on  the  higher  grades, 
the  number  of  trains  is  so  much  ^eater,  yet  that  the  cost  per  unit  of  traffic  is  greater  as 
the  grades  are  higher,  as  it  naturally  should  be. 


CHAP.  XV.^TRAW^LOAD  ON  OPERATING  EXPENSES.  575 

The  third  column  in  this  table  is  computed  for  a  division  xoo  miles 

oxo.     For  a  greater  or  less  length,  increase  in  direct  ratio  with  the  length.     Letting 

'  =  the  sum  thus  obtained,  we  have 

%,  X  number  daily  trains  (each  way)  x  tenths  per  cent  of  change  of  grade 
rate  of  interest  on  capital  (0.06,  0.07,  etc.) 

apitalixed  value  of  any  increase  or  decrease  in  the  rate  of  the  given  ruling  grade,  approx* 

nately.     For  greater  exactitude,  determine  the  correct  percentage  for  the  given  change 

f  grade  from  Table  171 ;  or,  for  still  greater  exactitude  compute  the  percentage  from  the 

rain-loads  given  in  Table  170  for  the  two  given  grades  and  the  given  type  of  engine. 

The  fourth  column  is  independent  of  the  length  of  the  division,  and  may  be  de- 

iuced  from  the  third  column  by  dividing  it  by  the  total  weight  of  train  as  given  in  Table 

[70,  X  aoo  .«.  xoQOw 

-  -  -^ 

3r,  for  the  moderate  traffic  of  10  daily  trains  per  day  (each  way, 
in  all  cases),  $487,833. 

If  the  division  be  no,  120,  or  150  miles  long,  this  sum,  multi- 
plied by  1. 10,  1.20,  or  1.50,  will  give  the  capitalized  value,  as 
learly  as  may  be.  If  the  change  in  grade  be  0.2  or  0.3  per  cent, 
he  capitalized  value  will  be  again  increased  in  proportion. 
Thus,  if  the  division  be  150  miles  long,  and  the  comparison  be 
>etween  a  i.o  and  1.5  grade,  we  have 

$487,833  X  1.5  X  5  =  $3,658,750 

is  the  approximate  justifiable  expenditure  for  avoiding  the  in* 
rrcase,  for  10  trains  per  day  and  at  $1.00  per  train-mile.  For 
greater  exactness  see  note  to  Table  178,  above. 

111%  Several  recent  French  and  German  estimates  of  the  value  of  reducing 
rrades  might  be  given,  which  do  not  di£fer  radically  from  the  preceding  except 
n  the  constants  assumed;  in  which  latter  respect  they  do  differ  radically, 
fable  179  g^ves  one  of  the  most  recent  and  most  nearly  correct  of  such  esti> 
nates.  There  are  no  estimates  in  English  known  to  the  writer,  of  an  at  ali 
eliable  character. 

728i  The  greatly  inferior  loads  hauled  on  foreign  railways  compared  with 
American  practice  is  conspicuously  brought  out  in  this  table.  An  AmericaQ 
engine  with  40  tons  on  the  drivers  will  haul  in  daily  practice  (Table  170), 

Tons.  ToDnes. 

On  a  0.5  grade. 1041  \  Against  French  f  487 

On  a  1.0  grade, 644  >        practice,       ■}  274 

On  a  2.0  grade 347)    by  Table  179,    (131 

The  French  loads  are  explicitly  stated  to  be  based  on  velocities  of  25  kiloik 
per  hour,  and  indicate  to  an  American  eye  very  bad  administration. 
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Table  179. 

Estimate  of  the  Value  of  Reducing  Grades  on  French  Railways. 

[By  M.  Ricour,  Ing.  en  Chef,  Corpt  des  Fonts  et  Chaun^et.     Abstracted  from  the  paocr 

referred  to  in  par.  669.] 


Gradb. 

Gross  Load 

C. 

Tonnes. 

Price  per 

Train  Kilo. 

Francs. 

Price  per 

xooo  tonnes  gross, 

per  Kilo. 

Francs. 

•4 

568 

1.546 

9.7a         DifEs. 

.5 

487 

S.465 

3.00            .38 

.6 

.7 
.8 

■9 

425 

375 

335 
302 

X.403 
x-353 
x-3«3 
X.280 

3.30            .30 
3.60            .30 

3.9«            .3» 
4-a3             •3« 

I.O 

274 

1.252 

456             .33 

I. a 

X.4 
Z.6 

Z.8 

230 
196 
169 
147 

z.ao8 
X.X74 

1. 147 
i.xaS 

5.S5             .36 

5-98             .37 
6.78             .39 

7.6s             .46 

3.0 

13X 

X.X09 

8.46             .43 

The  last  column  of  this  table  x  117.5  {x.6i  X  a 20  X  365)  will  give  a  column 
sponding:  to  the  fourth  column  of  Table  178.     No  close  correspondence  can  be  expected,  ^ 
because  the  French  loads  are  so  much  less  and  decrease  so  much  mcne  r^idly  with  grade.  '•^ 

This  table  was  computed  for  a  6-driver  engine,  36  tonnes  (39.67  tons)  on  drivers ;  ^ 
mean  toUl  weight,  50  tonnes  (55.10  tons).  The  values  in  the  last  column  are  of  a  more-^ 
general  character.  They  are  independent  of  the  weight  of  the  engine — at  least  within  -^ 
the  limits  of  usual  French  practice. 


THE   PROPORTION    OF    TRAFFIC    AFFECTED    BY  THE   RATE   OF 

RULING    GRADE. 

729.  According  to  the  character  of  the   road,  this  may  vary 
under  certain  conceivable  circumstances  between   the  extreme 
limits  of  o  and  100  per  cent,  for  both  passenger  and   freights 
traffic.     Freight  traffic  is  by  far  the  most  affected,  but  there  are 
at  least  occasional   instances  in  which  the  freight  traffic  is  so 
light   and   so  little  liable   to   grow  that  no  appreciable  value 
whatever  can  be  assigned  to  reduction  of  grades  below  a  cer- 
tain iimiw.     For,  as  the  whole  objection  to  gradients,  properly 
so  called,  lies  in  their  effect  to  limit  the  length  of  trains,  a  re* 
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duction  of  their  rate  has  value  only  for  such  trains  as  they  do  in 
fact  so  limit.  One  train  at  least,  the  "  way  freight/'  is  very 
often  not  so  limited  on  all  railways,  and  many  minor  railways 
are  not  so  fortunate  as  to  run  anything  else  but  way  freights 
)ver  their  lines. 

730.  Nevertheless,  as  a  rule,  both  the  way  freight  and  all  other 
reight  trains  vary  in  length  directly  with  the  de-facto  gradients, 
nd  should  be  assumed  to  do  so.  This  does  not  at  all  assume 
bat  all  trains  will  be  fully  loaded,  for  that  is  not  a  practicable 
esult,  but  simply  that  the  percentage  of  power  wasted  to 
K>wer  utilized  will  be  sensibly  the  same  for  all  grades  and 
*ngths  of  trains,  or  nearly  enough  so  for  all  practical  purposes. 
f  so,  it  necessarily  results  that  the  percentage  of  increase  in 
rains  will  be  much  the  same,  whether  they  are  fully  loaded  or 
lot. 

731.  As  respects  passenger  business  (see  par.  88),  although 
t  is  much  less  directly  and  immediately  affected  by  a  change 
>f  grade  than  freight  traffic,  because  of  the  higher  speed,  and 
the  large  surplus  of  motive-power  required  therefor  and  for 
stopping  and  starting,  yet  in  the  long-run,  whenever  the  pas- 
senger business  becomes  considerable  in  volume  or  largely  com- 
petitive, either  the  number  or  the  weight  of  passenger  engines 
must  be  materially  affected  by  the  rate  of  grade.  The  effect  in 
the  case  of  passenger  traffic  is  far  more  irregular,  but  not  there- 
fore the  less  certain.  A  train,  for  example,  might  haul  an  extra 
car  or  two  over  any  given  grades,  or  haul  the  same  cars  over  a 
heavier  grade,  as  well  as  not,  when  the  addition  of  yet  another 
car  to  the  train  of  say  ten  cars  might  require  it  to  be  cut  in  two, 
and  so  immediately  double  the  motive-power  required  by  in- 
creasing the  load  hauled  only  ten  per  cent.  It  is  certain,  more- 
over, that,  whatever  the  margin  of  power  deemed  necessary  for 
imergencies,  if  we  reduce  our  grades  and  train  resistance  by 
iny  fixed  amount,  the  weight  of  engines  may  always  be  re- 
duced, or  the  weight  of  train  increased,  in  the  same  proportion, 
ind  yet  leave  the  same  margin  for  emergencies  or  anticipated 
growth  of  traffic  as  before,  however  much  or  little  that  may  be. 
37 
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Hence  a  reduction  of  ruling  grade  has  a  positive  and  present 
cash  value,  even  if  every  passenger  train  on  the  road  will  habit- 
ually run  light  for  an  indefinite  number  of  years. 

732.  But  this  value  will  be  but  small  when  the  passenger 
traffic  will  be  light  during  the  first  few  years  after  construction 
(par.  84)  or  when  the  traffic  is  not  exacting  as  respects  speed,  or 
both,  for  the  reason  that  the  effect  of  any  ordinary  increase  of 
grade,  not  sufficient  to  imply  pushers  for  passenger  as  well  as 
freight  trains,  may  frequently  be  eliminated  by  a  moderate  re- 
duction of  speed  between  stations.  The  limits  within  which 
this  is  certainly  and  readily  possible  may  be  determined  as 
follows  : 

733.  In  Table  180  are  given  the  grades  of  repose  for  various 
passenger  trains  at  various  speeds,  determined  from  the  com- 
puted  resistances   in   pounds  per   ton  in  Table    166   by  simply 
dividing  them  by  twenty.     The   limits  of*  ordinary   passenget 
trains  are  from  four  to  twelve  cars,  but  the  table  extends  froitv 
no  cars  at  all  to  sixteen. 

These  so-called  "grades  of  repose"  (see definition  in  par.  38 
are  grades  equivalent  to  the  addition  which  the  train  resis 
ance  makes  to  the  actual  plus  or  minus  g^ade  resistance.  Su 
trading  them  one  from  another,  as  is  done  in  Table  180  B,  \ 

have  THE  AMOUNT  BY  WHICH  THE  GRADE  IS  IN   EFFECT  REDUCED 

REDUCING  SPEED  bv  a  Certain  number  of  miles  per   hour. 
then,  it  be  admissible  to  consider  the  speed  of  a  4-car  train 
be  reduced  from  thirty  miles  per  hour  to  fifteen  or  twenty  mil- 
we  can  (Table  180 — B)  use  a  grade — 

0.19  +  0.16  +0. 13  =  0.48  per  cent, 

or  0.19  +  0.16  =  0.35  per  cent  higher  than  if  a  speed  of  thi 
miles  per  hour  were  essential  on  the  grade  as  well  as  elsewh» 
We  shall  shortly  see  (Table  183)  that  the  loss  of  time  in  so 
ing  is  less  than  is  often  supposed.  When  to  this  is  added 
relief  gained  by  momentum  if  the  foot  of  the  grade  can  be 
proached  at  thirty  or  forty  or  fifty  miles  per  hour  (Table 
and  par.  408)   we  have  considerable  lee-way  in  respect  to 
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low  grades,  we  may  now  profitably  refer  back  to  Chap.  X«,  the 
assumptions  made  in  which  we  have  just  substantiated.  While 
such  estimates  as  are  here  made,  as  has  been  often  stated,  cannot 
be  regarded  as  positive  and  exact,  even  when  carefully  revised  to 
suit  individual  lines,  the  possible  margin  of  error  is  too  small  to 
seriously  modify,  if  corrected,  the  moral  which  they  are  calculated 
to  convey,  which  is  that  wrongly  directed  expenditure  is  at  the 
root  of  much  of  the  financial  difficulties  of  railways. 

In  the  example  referred  to  one  detail  of  occasional  importance 
has  been  neglected,  viz.: 


THE   EFFECT    OF  A   DIFFERENCE   IN   RULING    GRADE  ON   THE    COST   OF 
DISTANCE,   CURVATURE,  AND  RISE  AND   FALL. 

738.  While  we  have  seen  in  Chap.  X.  that  ordinarily,  when  two  lines 
differing  in  ruling  grade  are  to  be  compared,  the  importance  of  the  differ- 
ence in  gradients  and  in  traffic  advantages  combined  will  be  so  great  that 
such  differences  as  may  exist  in  any  or  all  the  minor  details  may  be  neg- 
lected without  affecting  the  decision,  yet  when  the  comparison  between 
two  lines  differing  in  ruling  grade  is  so  close  that  it  is  desirable  to 
determine  accurately  the  effect  of  differences  in  the  minor  details  also, 
the  difference  in  the  rate  of  the  ruling  grades  of  the  two  lines  makes  it 
necessary  to  treat  the  minor  details  somewhat  differently  from  merely 
subtracting  the  amount  of  distance,  curvature,  or  rise  and  fall  on  the  two 
ines  from  each  other,  and  computing  the  value  of  the  difference  only,  as 
^e  have  done  heretofore. 

739.  Suppose  the  case  of  two  lines,  each  100  miles  long,  and  with  pre- 
:isely  the  same  amount  of  curvature  and  rise  and  fall,  but  with  a  ruling 
^de  on  one  line  of  0.8  per  cent  and  on  the  other  of  1.6  per  cent.  It 
ippears  at  first  sight  as  if  in  this  case,  whatever  the  amount  of  curvature 
>r  rise  and  fall,  they  might  be  balanced  against  each  other  and  n^lected  ; 
>ut  consideration  shows  this  to  be  so  far  untrue  that,  inasmuch  as  more 
rains  will  be  run  over  one  line  than  the  other,  the  cost  of  each  degree  of 
rurvature  and  each  foot  of  distance  or  rise  and  fall  will  be  greater  on  one 
ine  than  the  other,  so  that  the  line  having  the  heavier  gradients  will  be 
nore  objectionable  in  proportion  to  the  amount  of  curvature  or  rise  and 
all  which  there  maybe  on  both  lines  alike.  In  other  words,  just  as  there 
s  a  certain  cost  of  operating  each  train-mile  of  distance,  so  there  is  a 
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senger  trains  before  certain  differences  of  grade  may  materially 
affect  them. 

734s  This  assumes  that  there  are  no  stops  made  or  to  be  made  on  the  grade 
without  ample  reduction  of  grade  at  the  stopping  point,  the  train  which  can  be 
started  promptly  being  for  the  most  part  the  limiting  cause  to  the  length  of 
passenger  trains.  The  ultimate  limits  of  the  possibility  of  eliminating  the  effect 
of  grades  by  reduction  of  speed  must  be  determined  a  little  differently  from  the 
above,  and  may  be  more  appropriately  given  in  Chapter  XX. 

735.  Keeping  all  these  considerations  in  view,  the  effect  of 
change  of  grade  on  passenger  traffic  may  be  summarizes  as  fol- 
lows: 

For  roads  having  considerable  passenger  traffic,  say  over 
four  or  five  trains  per  day  each  way,  the  passenger  trains  will  be 
affected  essentially  as  freight  trains  are,  unless  the  ruling  grades 
are  short  and  undulating,  and  the  estimated  number  of  each 
class  of  trains  should  be  added  together. 

For  roads  having  only  one  or  two  light  passenger  trains  per 
day  run  at  no  very  exacting  speed,  the  passenger  traffic  may 
not  be  affected  at  all  by  a  moderate  change  of  grade.  Whether 
it  is  likely  to  be  or  not,  must  be  determined  by  Tables  i8o  and 
i8i. 

For  such  ordinary  passenger  traffic  as  most  new  American 
roads  look  forward  to  in  the  near  future,  say  from  two  to  five 
trains  per  day,  half  the  estimated  number  of  passenger  trains 
may  be  added  to  the  freight,  for  estimating  the  value  of  reduc- 
ing grade,  for  the  reason  that  at  least  half  the  trains  are  liable 
to  be  affected  by  the  gradients. 

736.  The  tendency  to  increasing  luxury  in  first-class  passenger 
travel  has  been  already  alluded  to  in  par.  712.  An  opposite  ten- 
dency has  begun  to  show  itself,  which  will  tend  to  still  further 
increase  tiie  effect  of  grades  on  passenger  traffic — a  kind  of  third- 
class  traffic  carried  at  low  rates  but  in  large  numbers.  It  is 
probable  that  before  many  years  the  mutual  interests  of  the  rail- 
ways and  the  public  will  compel  a  large  extension  of  this  class  of 
trafiic,  and  favorable  grades  for  passenger  service  will  then  be  a 
factor  of  great  importance. 

737.  As  an  example  of  the  great  comparative  importance  of 
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low  grades,  we  may  now  profitably  refer  back  to  Chap.  X«,  the 
assumptions  made  in  which  we  have  just  substantiated.  While 
such  estimates  as  are  here  made,  as  has  been  often  stated,  cannot 
be  regarded  as  positive  and  exact,  even  when  carefully  revised  to 
suit  individual  lines,  the  possible  margin  of  error  is  too  small  to 
ieriously  modify,  if  corrected,  the  moral  which  they  are  calculated 
0  convey,  which  is  that  wrongly  directed  expenditure  is  at  the 
'oot  of  much  of  the  financial  difficulties  of  railways. 

In  the  example  referred  to  one  detail  of  occasional  importance 
las  been  neglected,  viz.: 


THE   EFFECT    OF  A   DIFFERENCE   IN   RULING    GRADE  ON   THE    COST   OF 
DISTANCE,  CURVATURE,  AND  RISE  AND   FALL. 

738.  While  we  have  seen  in  Chap.  X.  that  ordinarily,  when  two  lines 
differing  in  ruling  grade  are  to  be  compared,  the  importance  of  the  differ- 
ence in  gradients  and  in  traffic  ad  vantages  combined  will  be  so  great  that 
such  differences  as  may  exist  in  any  or  all  the  minor  details  may  be  neg- 
lected without  affecting  the  decision,  yet  when  the  comparison  between 
two  lines  differing  in  ruling  grade  is  so  close  that  it  is  desirable  to 
determine  accurately  the  effect  of  differences  in  the  minor  details  also, 
the  difference  in  the  rate  of  the  ruling  grades  of  the  two  lines  makes  it 
lecessary  to  treat  the  minor  details  somewhat  differently  from  merely 
iubtracting  the  amount  of  distance,  curvature,  or  rise  and  fall  on  the  two 
ines  from  each  other,  and  computing  the  value  of  the  difference  only,  as 
re  have  done  heretofore. 

739.  Suppose  the  case  of  two  lines,  each  100  miles  long,  and  with  pre- 
isely  the  same  amount  of  curvature  and  rise  and  fall,  but  with  a  ruling 
rade  on  one  line  of  0.8  per  cent  and  on  the  other  of  1.6  per  cent.  It 
ppears  at  first  sight  as  if  in  this  case,  whatever  the  amount  of  curvature 
r  rise  and  fall,  they  might  be  balanced  against  each  other  and  n^lected ; 
ut  consideration  shows  this  to  be  so  far  untrue  that,  inasmuch  as  more 
rains  will  be  run  over  one  line  than  the  other,  the  cost  of  each  degree  of 
urvature  and  each  foot  of  distance  or  rise  and  fall  will  be  greater  on  one 
ine  than  the  other,  so  that  the  line  having  the  heavier  gradients  will  be 
■nore  objectionable  in  proportion  to  the  amount  of  curvature  or  rise  and 
;all  which  there  maybe  on  both  lines  alike.  In  other  words,  just  as  there 
is  a  certain  cost  of  operating  each  train-mile  of  distance,  so  there  is  a 
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certain  cost  of  operating  what  we  may  call  each  train-degree  of  curvature 
and  each  train-foot  of  rise  and  fall. 

If,  therefore,  in  such  an  instance  as  that  supposed,  the  two  lines  had 
much  curvature  and  rise  and  fall,  the  money  value  in  favor  of  the  lower 
grade  would  be  considerably  greater  than  if  both  lines  alike  were  nearly 
straight  and  had  very  little  rise  and  fall. 

740.  This  difference  of  value  should  properly  find  expression  in  a 
different  assumed  cost  per  train-mile;  and  in  estimating  the  value  of  a 
projected  improvement  to  a  line  already  in  operation  it  would  be  so  ex- 
pressed, since  the  curvature  and  rise  and  fall  would  already  have  had  its 
effect,  much  or  little  as  the  case  might  be,  to  increase  the  operating  ex- 
penses by  which  we  gauge  the  value  of  reducing  grade. 

But  in  the  case  of  a  new  road  we  have  not  this  advantage,  inasmuch 
as  we  cannot  foresee  the  exact  cost  of  each  item  of  operating  expense. 
The  most  feasible  method  therefore  for  approximating  to  what  we  really 
desire,  the  difference  in  operating  expenses  per  train-mile  on  the  two 
lines,  is  this: 

741.  First,  Estimate  the  cost  per  year  of  all  the  curvature  and  rise 
and  fall  on  the  low-grade  line  for  the  estimated  number  of  daily  trains, 
according  to  Tables  115  and  124. 

Secondly.  Make  the  same  estimate  for  all  the  curvature  and  rise  and 
fall  on  the  high-grade  line,  for  the  estimated  increased  number  of  trains 
required  to  handle  the  same  traffic,  as  determined  by  Tables  170, 171.  and 
178. 

Thirdly.  Subtract  one  from  the  other  for  the  net  difference. 

Similarly  for  any  difference  of  distance :  If  the  high-grade  line  be  the 
longer,  the  cost  of  operating  the  extra  distance  on  the  high-grade  line 
must  be  estimated  for  the  number  of  trains  on  it;  while  if  the  low-grade 
line  be  the  longer,  by  the  same  amount  the  cost  of  operating  the  extra 
distance  must  be  estimated  for  its  smaller  number  of  trains,  and  hence 
will  be  somewhat  smaller  than  for  a  similar  excess  on  the  high-grade 
line. 

742.  There  is  this  further  caution  :  Inasmuch  as  the  traffic,  and  hence 
number  of  cars  per  day  or  per  year,  is  supposed  to  be  the  same  by  either 
J 'no,  the  only  difference  being  that  shorter  trains  and  more  of  them  arc 
run  over  the  hi^h  grade,  the  same  cost  per  train-mile  cannot,  strictly 
speaking,  be  assumed  the  same  for  both  lines.  We  have  estimated  in 
Table  176  that  the  cost  of  doubling  the  number  of  trains  for  the  same 
traffic  is  49. 5  cts.  per  extra  train-mile,  or  49.5  per  cent  of  the  average  cost. 
For  a  chari^n-  of  i^rade  so  considerable  as  to  halve  the  number  of  cars  per 
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(]» therefore,  the  relative  cost  per  train-mile  in  the  two  lines  would  be 

.00  to  -^ —t  or  I.  to  0.74,  and  proportionately  for  less  consider- 

:  differences  of  grade.  In  other  words,  whatever  wear  and  tear  results 
n  the  number  of  cars  moved  over  the  line,  as  well  as  the  expense  of 
ling  and  billing  the  freight  in  them,  etc.,  is  unaffected  by  the  change 
grades.  Whatever  is  due  to  the  engine  increases  pro  rata  with  the 
iber  of  trains. 

743.  For  still  another  reason  than  those  just  mentioned,  it  can 
:ly  be  essential  to  enter  into  minutely  accurate  calculations  as 
he  minor  details  to  decide  on  one  line  or  the  other.  When 
comparison  between  two  lines  becomes  so  close  that  it  would 
erwise  be  necessary,  the  possible  effect  of  the  two  lines  on 
umeof  traffic  ought  alone  to  outweigh  it,  and  the  prudent  rule 
omes — 

1.  When  the  company  is  or  soon  may  be  poor  (and  it  is  no 
re  than  common  prudence  to  assume  that  it  will  be  embar- 
sed  for  means  at  some  time  in  the  near  future,  when  it  is  not 
ked  by  a  great  system  of  profitable  lines  in  operation), /df>t^M^ 
of  lo7ve St  first  cost, 

2.  When  immunity  from  financial  embarrassment  is  assured, 
r  the  line  which  offers  the  most  promising  conditions  for  future 
wth  of  traffic. 

3.  Only  when  the  two  lines  are  substantially  equal  in  both  these 
pects  enter  into  such  minute  calculations  as  these  just  sug- 
ted,  and  whichever  line  be  selected  no  serious  harm  can  then 
jlt. 

744.  Having  determined  the  justifiable  expenditure  to  obtain 
'  grades,  we  have  only  taken  the  first  step  toward  their  proper 
ustment.  Some  of  the  worst  sacrifices  of  gradients  are  made 
hout  effecting  any  saving  of  cost  whatever,  simply  from  inat- 
tion  to  its  importance,  or  from  attaching  exaggerated  impor- 
ce  to  losses  of  distance  or  curvature,  or  from  insufficient  study 
the  topography,  leading  to  a  too  hasty  conclusion  that  all  has 
\x\  done  which  can  be  done,  when  in  fact  a  very  little  study 
uld  lead  to  far  better  results.* 


'^  It  is  an  invidious  and  unpleasant  thing  to  say,  but  the  importance  of  the 
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This  question  of  how  to  get  the  lowest  grade  which  the  region 
admits  of,  at  a  given  cost,  is  discussed  in  Part  V.  and  Appendix C. 
The  four  following  sub-departments  of  the  general  problem  of 
gradients  yet  remain  to  be  considered: 

1.  The  use  of  assistant  engines  with  high  "bunched"  grades. 

2.  The  balance  of  grades  for  unequal  traffic. 

3.  Limiting  curvature,  and  the  proper  compensation  therefor. 

4.  The  limit  of  maximum  curvature. 

These  questions  we  will  consider  in  their  order. 

caution  thereby  conveyed  seems  to  justify  sayiag  it:  Out  of  a  hundred  men 
putting  a  line  through  either  easy  or  difficult  couatry,  hut  esp€ciaUy  through  easy 
country,  the  writer's  observation  is  that  all  but  four  or  five  of  them  will  adopt 
rates  of  grade  from  ten  to  fifty  or  even  a  hundred  per  cent  higher  than  the  other 
five  will  obtain  at  the  same  cost;  and  the  same  holds  true  as  to  amount  of  curva- 
ture. 
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CHAPTER  XVI. 

ASSISTANT     ENGINES. 

745.  The  general  use  of  assistant  engines,  commonly  called 
USHERS,  is  a  comparatively  modern  innovation.  So  recently  as 
873,  Gen.  Herman  Haupt,*  in  a  paper  on  gradients,  felt  com- 
pelled to  say  that  he  was  making  "an  attempt  to  prove,  contrary 
o  the  generally  received  opinion,"  that  undulating  gradients 
>elow  the  limits  of  the  maximum  do  not  necessarily  increase  ex- 
penses materially,  and  "that  the  use  of  higher  gradients  for  part 
)f  a  given  distance  will  often  result  in  greater  economy  of  opera- 
ion  than  a  lower  and  uniform  gradient  for  the  whole  distance.'* 

This  statement  has  now  become  a  truism.  Driven  to  econ- 
►my  by  the  necessities  of  competition,  the  use  of  assistant  en- 
gines, even  on  lines  ill  adapted  to  their  most  advantageous  use, 
-as  become  very  general  in  recent  years  and  is  constantly  ex- 
ending,  although  tliey  are  even  yet  not  used  on  more  than  a 
roportion  of  the  lines  which  might  use  them  with  advantage 
nc.  economy,  so  that  their  use  is  one  of  the  most  hopeful  direc- 
i:ns  in  which  further  economy  may  be  sought,  especially  on 
iw-grade  lines,  where  the  trains  hauled  even  by  one  engine  are 
f  fairly  profitable  length,  but  might  be  readily  increased  by 
L^tlp  at  a  few  points. 

What  has  been  accomplished,  however,  is  that  whereas  assist- 
u-::  engines  were  formerly  used  only  in  exceptional  instances  on 
T^ry  heavy  grades,  their  use  has  now  multiplied  many-fold,  and 
Li^t  expediency  of  using  them  when  possible,  even  at  quite  fre- 
;  i-^at  intervals,  is  universally  admitted  by  skilled  railway  offi- 
:!^r^.  Some  of  our  earliest  and  greatest  engineers,  as  notably 
iiii  engineers  of  the  Baltimore  &  Ohio,  Pennsylvania,  and  Erie 
-1.1  urays,  distinctly  contemplated  the  use  of  pushers  and  adapted 

*  See  Railroad  Gautte,  July  5,  1873. 
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their  lines  thereto;  no  doubt  in  part  because  of  the  topo- 
graphical conditions  in  passing  the  Alleghanies,  but  in  part  also 
because  of  the  singular  foresight  and  sagacity  which  the  great 
engineers  who  laid  out  those  lines  showed  in  many  ways.  But 
these  precedents  have  not  been  generally  recognized  as  estab- 
lishing a  general  principle  until  very  recently,  nor  can  it  be  said 
to  be  yet  established  as  fully  as  it  should  be. 

746.  The  presumption  is  strong  in  laying  out  every  line,  that 
advantage  can  be  derived  from  laying  out  the  grades  for  the 
use  of  assistant  engines,  because  of  the  fact  that  topographical 
conditions  always  require  more  or  less  irregularity  of  gradients. 
The  usual  law  is  that  the  grades  will  be  for  long  distances  very 
low  and  easy;  or  can  be  made  so  at  slight  cost,  but  that  for 
much  shorter  distances  much  higher  gradients  will  be  unavoic^" 
able.     By  adapting  the  line  to  the  use  of  assistant  engines  o^ 
these  higher  grades  we  are  enabled  to  utilize  the  full  advanta^^ 
of  the  lower  grades,  by  making  up  our  trains  to  correspond    ^^ 
them,  so  that  long  trains  can  be  handled  over  the  entire  line  by*^ 
single  crew,  without  breaking  it  up  into  sections,  and  the  fi 
power  of  the  motive-power  actuall}'  in  use  at  all  points  on  tl 
line  be  more  nearly  utilized. 

747.  The  adoption  of  the  opposite  policy,  attempting  to  get::::^ 
line  of  a  low  uniform  gradient  through  a  country  of  any  dil 
culty  whatever,  is  very  apt  to  be  enormously  expensive,  and 
be  possible  at  all  only  by  frequent  undulations,  considerable 
tours,  and  much'  higher  gradients  over  most  of  the  line   thi 
than  there  is  any  necessity  for  using.     This  results  from  the  fi 
that  it  sets  at  defiance  one   of   the  broadest  and  most  near 
universal  laws  of  physical  geography, — to  which  there  are  it 
and  rare  exceptions  on  the  whole  face  of  the  globe, — that  loi 
stretches  of  easy  plains  .or  gently  sloping  valleys  penetrate 
intervals  to  and  into  the  very  heart  of  even  the' roughest  regioi 
leaving  short  sections  only  over  which  high  gradients  are  u 
avoidable.     By  following  these  easy  routes  as  long  as  we  can  * 
accomplish  over  most  of  our  line  three  desirable  ends  at  once: 

1.  We  get  the  chenpest  line. 

2.  We  get  the  lowest  through  grades ;  and. 
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3.  More  than  all  else,  we  concentrate  the  resistances  into 
he  remaining  more  difficult  section,  so  that  the  motive-power  on 
t  can  be  accurately  adapted  to  the  work  required  and  kept  fully 
.t  work  over  the  distance  where  it  is  used,  thus  making  it  almost 


Table  181. 
:o>ii'ARATivB  Work  accomplished  by  an  Engine 

FROM  Xya  Y.  Fic.  175,  and  making  a  Rise  of  2640  Feet 
the  Various  Grades  shown. 


rh'",^. 

"Kir 

g3:K: 

Net 

Toul  Ton.Mil« 
Hauled  by  one  Trip 
□r  Tbtougb  Engine. 

Tolal  BneHof- 

encj-. 

J 

5 

\    V 

1st 

in 

0  5 
Level. 

Level. 

Uvel. 

Level. 
a-5 

1147 
=675 

504 
2675 

XI 

304 

114.700 

j,i;t"» 
I.;;!'" 

104.7 
106.4 
log. 9 

The  fiftb  column  indicates  thai  a  ungle  through  engine,  which  drops  cars  to  a 
pond  to  its  haulioE  capacity  at  the  foot  of  the  grades  B,  C.  D.  E,  Fig.  175,  will  r 
njtlf  mora  Ion-miles  on  the  high  grades  than  the  low.     This,  however,  is  unfair. 
One  test  is  :  Haa  much  molive-potufr  will  it  latt  lo  carry  a  oiholi  Irain-toad,  or  a  ll 
and  liaJD-loads,  through,  the  lypical  train  weighing  by  assumpiion  al 


tdvantagr  in  (he  higher  grades. 


,1  of  V 


trifling  one,  ill /0B,(-flj 
s  futly  loaded.     But  i 


)f  the  occasional  steep  grad 
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Fig.  X76. 


a  matter  of  indifference  what  rate  of  ascent  we  adopt  on  our 
more  difficult  sections — a  fact  which  powerfully  tends  to  still 
further  reduce  the  cost  of  construction  over  those  more  difficult 
sections.  Table  181  and  Fig.  175  illustrate  fully  how  and  why 
this  advantage  arises,  and  should  be  carefully  studied. 

748,  Even  where  we  are  unable  for  any  reason  to  follow  the 
valley  lines  which  usually  penetrate  far  into  hilly  or  mountainous 
regions,  as  for  instance  when  the  valleys  are  impracticable,  or  arc 
less  practicable  than  the  ridges,  it  is  still  true  that  pusher  gradi- 
ents will  almost  invariably  fit  the  country  better.     The  all  but 

universal  law  of  topography 
B'^^^-^^  is  that,  when  the  ground  is 

not  a  dead  level,  transitions 
from  one  level  to  another, 
whether  on  a  large  scale  or  on 
a  small  scale,  are  of  the  form 
shown  in  Figs.  176  and  177.  If  on  a  small  scale,  we  may  simply 
adopt  the  dotted  profile  AB,  and  make  the  fill  at  C  or  cut  at  B.  If 
on  a  larger  scale,  say  for  a  total  rise  of  50  or  60  or  80  feet,  it  be- 
comes impossible  to  do  this,  especially  if  the  necessity  occurs  at 
many  points,  and  we  are  reduced  to  adopting  the  profile  ACB^ 
making  BC  the  ruling  grade  of  the  line,  or  else  to  one  of  the  two 
expedients  shown  in  plan  in  Fig.  177 — either  to  run  right  over 
J     ,  the  obstruction  with  almost  a 

,.,i<>^>^-^/^.^  tangent  line,  giving  the  dotted 

^^rV  V||  ^i  -11^  "^      -"  profile  AB,  in   Fig.  178,  or  to 

"^      '^  - '  -^  sacrifice   curvature    and    dis- 

^  tance  and  obtain  the  full-line 
profile.  The  first  has  been 
done  to  a  most  unfortunate 
extent  in  the  prairie-lines  of 
the  West ;  the  last  is  almost 
always  the  proper  course,  if  it 
saves  an  increase  of  ruling 
grade,  even  when  necessary  at 
many  points  on  the  line. 

749.  But  when  the  rise  to  be  overcome  becomes  more  consid* 
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erable,  as  100  or  200  feet,  even  this  course  is  rarely  convenient. 
To  obtain  an  equivalent  for  the  full  line  AB,  Fig.  177,  we  are 
then  compelled,  usually,  to  adopt  a  costly  line  hanging  upon  the 
slopes  of  such  supporting  ground  as  can  be  had  in  order  to  ob- 
tain the  dotted  profile  AB^  Fig.  176,  or  the  solid-line  profile  ABy 
Fig.  178.  When  we  have  got  it — assuming  that  we  can  and  do 
get  it — we  have  even  then,  in  all  probability,  been  compelled  to 
use  a  higher  grade  than  it  is  at  all  necessary  to  use  on  the  re- 
maining and  easier  portions  of  the  line.  If  so,  we  have  not  only 
spent  a  great  deal  of  money  where  we  have  difficulties,  but  have 
injured  our  line  where  we  have  no  difficulties. 

7ftO.  The  alternative  is  to  treat  the  difficult  ground  as  a  sep- 
arate feature  ;  to  maintain  the  lowest  grades  we  can,  on  the 
ground  where  we  have  no  difficulties ;  to  push  these  low  grades 
as  far  as  possible  to  some  point  (7,  Fig.  176,  as  near  as  may  be  to 
the  rise;  and  then  to  adopt  some  entirely  different  and  much 
higher  grade  BC^  conforming  as  closely  as  possible  to  the  natu- 
ral surface,  with  a  view  of  using  auxiliary  power  or  "  pushers" 
on  it,  thus  not  only  saving  our  money  on  the  parts  of  the  line 
which  arc  naturally  most  costly,  but  retaining  all  our  natural 
advantages  elsewhere  which  cost  us  nothing. 

751.  In  other  words,  the  secret  of  the  vast  economies  which 
may  often  be  realized  by  the  skilful  use  of  assistant  engines  is 
"this — that  as  respects  construction  we  work  with  Nature  instead 
of  against  her,  and  that  as  respects  operation  we  gain  a  like  ad- 
"vantage  by  keeping  every  engine  while  running  fully  at  work, 
the  greater  portion  of  the  hard  work  in  foot-pounds  being  done 
on  a  small  portion  of  the  division,  with  such  favorable  through 
grades,  in  many  cases,  that  there  is  little  more  need  for  an  en- 
gine on  the  remainder  of  it,  than  to  keep  the  longest  trains 
moving  and  under  control.  It  is  a  truth  of  the  first  impor- 
tance, that  the  objection  to  high  gradients  is  not  the  work  which 
engines  have  to  do  on  them  (see  Table  181),  but  it  is  the  work 
which  they  do  not  do  when  they  are  thundering  over  the  track 
with  a  light  train  behind  them,  from  end  to  end  of  a  divi- 
sion, in  order  that  the  needed  power  may  be  at  hand  at  a  few 
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scattered  points  where  alone  it  is  needed.  But  if  we  may  give 
this  additional  motive-power  its  work  to  do  once  for  all,  and 
have  done  with  it,  high  summits  cost  very  little,  and  an  increase 
of  the  rate  of  grade  costs,  practically,  nothing  whatever.  At  the 
points  of  greatest  difficulty  we  are  independent  of  the  rate  of 
ascent  and  in  a  great  degree  of  the  elevation  attained,  and  are 
therefore  at  liberty  to  concentrate  our  efforts  and  expenditure  on 
the  more  tractable  portions  of  the  line,  where  a  few  feet  per 
mile  reduction  in  grade  (see  Table  170  and  Fig.  169)  may  be  of 
enormous  value. 

752.  In  this  way  it  is  in  every  way  practicable  to  secure  lines 
over  tolerably  high  summits  and  through  difficult  country  which 
shall  approximate  closely  in  operating  value  to  the  most  favor- 
able existing  examples  of  low-grade  lines.  On  the  other  hand, 
BY  SEEKING  FOR  WHAT  WE  DO  NOT  REQUIRE,  by  defying  thc  Ob- 
stacles of  nature  and  forcing  them  to  conform  throughout  to  the 
Procrustean  standard  of  a  uniform  ruling  gradient,  we  shall 
enormously  increase  the  cost  of  construction,  and  in  the  end  find 
that  we  have  a  far  more  costly  line  to  operate  than  if  we  had 
"stooped  to  conquer"  by  boldly  conforming  to  the  topographical 
conditions  and  then  skilfully  forcing  them  to  serve  our  purpose. 
This  goes  so  far  that  it  is  true  policy  in  very  many  instances  in 
difficult  country  to  make  boldly  for  the  "meeting  of  the  waten" 
at  the  summit,  even  at  the  cost  of  a  higher  summit,  rather  thu 
to  zigzag  up  and  down  and  from  side  to  side  in  a  costly  effort  tt 
avoid  a  continuous  succession  of  transverse  valleys  and  othe 
petty  obstacles,  each  of  which  has  us  at  great  disadvantage. 

753.  The  advantages  of  the  use  of  pusher  grades  are  not  atf 
confined  to  high  grades,  but  on  the  contrary  are  even   ^rta\ 
proportionately  for   low   grades,  provided  only   that   there 
business  enoup:h  to  fill  up  the  trains,  and  couplings  good  enoo 
to  permit  of  handlinc:  long  trains.     On  roads  of  light  and  irre 
lar  traffic  there  may  be  no  great  advantage  in  them;  but  m 
roads  having  large  traffic,  which  must  be  hauled  cheaply  bea 

it  pays  little,  are  habitually  using  pushers  on  gradients  as  lo 
0.5  to  0.6  per  cent.     For  example,  freight  pushers  are  used  or 
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Hudson  River  Railroad,  nearly  95  per  cent  of  which  is  a  dead 
level,  and  the  remainder  over  summits  a  few  feet  high  on  0.4  to 
0.5  grades. 

THE  POWER  OF  ASSISTANT  ENGINES. 

794.  By  the  use  of  assistant  engines  the  available  motive-power  is  ap- 
proximately doubled  or  trebled ;  and  it  is  evident  that  economy  in  motive- 
power  requires  that  the  rates  of  these  grades  should  be  proportioned  to 
each  other  as  nearly  as  possible,  in  order  that  neither  grade  may  be  dis- 
portionately  low,  but  that  the  true  ruling  grade  maybe — not  necessarily 
either  the  higher  (pusher)  grade  or  the  lower  grade,  but  that  one  which 
involves  most  difficulty  and  expense  in  reduction. 

With  certain  provisos  which  we  will  shortly  consider,  the  determina- 
tion of  a  practically  exact  balance  of  gradients  for  the  use  of  one  or  more 
assistant  engines  is  a  simple  matter.  If  the  assistant  engine  be  of  the 
same  weight  as  the  through  engine,  the  load  to  be  hauled  by  each  en- 
gine is  reduced  one  half.  If  there  be  two  pushers,  the  load  to  be  hauled 
by  each  engine  is  reduced  to  one  third  of  what  it  was.  If  the  pusher 
have,  say,  10  or  20  per  cent  more  tractive  power  than  the  through  engine, 

the  train  is  in  effect  cut  into  two  unequal  parts,  that  remaining  to  the 

i.o  i.o        . 

through  engine  bemg  ^  ^  ^  ^  ^^,  or  j  q^  ,  ^*  »e.,  476  or  45.5  per  cent 

of  the  original  weight  of  the  train  behind  tender.  The  grade  on  which 
the  through  engine  can  haul  that  per  cent  of  its  load  on  a  given  through 
grade  will  therefore  be  the  corresponding  pusher  grade  for  pusher  en- 
gines of  such  weight. 

755.  By  the  aid  of  the  long  Table  170,  the  process  of  determining 
such  pusher  grades  for  any  through  grade  is  made  one  of  mere  inspec- 
tion, as  practical  convenience  requires.  For  example,  to  determine  the 
pusher  grades  corresponding  to  through  grades  of  o.  5  per  cent,  we  have — 


Net  load  behind  tender,  on  0.5  g^ade 

Half  of  which  is 

Corresponding  pusher  grades 

If  of  load,  for  pushers  10  p.  c.  heavier,  is 

Corresponding  pusher  grades 

If)  of  load,  for  pushers  20  p.  c.  heavier,  is 

torresponding  pusher  grades 

\  of  load,  for  2  pushers  of  equal  weight. . 
Corresponding  pusher  grades , 


Light 
American. 


504  tons. 

252     ** 
.24  per  cent. 

241  tons. 
.31  per  cent. 

229  tons. 
.38  per  cent. 

168  tons. 
.87  per  cent. 


Average 
ConsolidatiofL 


1 147  tons. 

573i  " 
1.30  per  cent. 

550  tons. 
1 .  36  per  cent. 

522  tons. 
1.44  per  cent. 

382  tons. 
2.00  per  cent. 


592        CHAP.  XVI.— ASSISTANT  ENGINES— POWER  OF, 

From  these  examples  it  will  be  seen  that  differences  in  tyf>e  of  en- 
gine make  no  considerable  difference  in  the  balance  of  grades,  and  we 
shall  hereafter  consider  the  average  Consolidation  type  only. 

756.  If  the  pusher  were  a  tank  engine  having  no  tender,  it  in  effect 
adds  the  weight  of  the  tender  to  the  train  hauled  by  the  pusher ;  so  that 
to  make  the  preceding  calculation  we  should  first  have  to  subtract  the 
weight  of  tender  thus  saved  from  the  total  weight  of  train,  and  then  di- 
vide the  remainder  only  between  the  through  and  pusher  engines,  in  the 
above  proportion,  which  would  increase  the  rate  of  the  admissible 
pusher  grades  materially. 

In  this  manner  Table  182  was  computed,  which  gives  the  proper  bal- 
ance of  grades  for  an  ordinary  Consolidation,  or  practically  for  any  other 
engine,  except  tank  engines,  which  are  separately  noted. 

757.  The  requirements  of  the  passenger  service  naturally  favor  the 
adoption  of  higher  through  grades  rather  than  pusher  grades,  since  un- 
dulating gradients,  however  steep,  have  little  effect  to  impede  hauling 
any  trains  ordinarily  desired,  when  the  rise  on  a  single  grade  is  not  great. 
Owing  to  the  decrease  of  train  resistance  at  slow  speeds  (Table  166) 
and  the  simultaneous  increase  in  the  tractive  power  of  the  cylinders,  the 
limit  at  which  a  high  and  long  grade  can  certainly  be  operated  without 
a  pusher  is  still  further  increased.  The  ultimate  limit  for  the  operation 
of  a  pusher  grade  by  a  single  engine  in  passenger  service,  beyond  which 
pushers  must  be  used  for  passenger  as  well  as  freight  trains,  may  be  de- 
termined as  follows : 

The  most  that  would  be  demanded  of  an  ordinary  17  x  24  passenger 
engine,  weigh injj;  with  tender  56  tons,  more  or  less,  such  as  is  assumed 
in  the  tabh*  of  train  resistance  (Table  166),  is  that  it  should  haul — as  an 
average  of  a  whole  division  and  every  day  in  the  year,  and  not  for  excep- 
tional performances, — 

4  cars,  or  16S  tons,  S  cars,  or  280  tons,  12  cars,  or  yi)2  tons, 

^ross  wfij^ht  (»f  train.  ^rns>  wri^ht  of  train.  fjross  weijjhl  of  train. 

At  G)  niilfs  per  hour  niaxi-  .\l  5"  iuiU">  jwr  hour  niaxi-  At  35  miles  per  hour  maxi- 

nuini  si)e€<l  on  a  level.  nuini  ^in-ed  on  a  level.  mum  speed  on  a  level. 

758.  Now  the  tractive  power  which  such  an  engine  is  capable  of  exert- 
ing in  every-day  practice  at  freight  speeds  of  15  miles  per  hour  would  \m 
nearly  if  not  quite  10,000  lbs.,  there  being  from  40.000  to  44,000  lbs.  OJ 
the  drivers.      Therefore  the  engine  will  be  capable  of  exerting  a  MAX' 
MiM  tractive  force  on  these  trains,  at  freight  speeds  of  about  15  mil* 
per  hour  of  10.000  lbs.  •+■  the  weight  in  tons,  or 

59.5  lbs.  per  ton,  35.7  lbs.  per  ton,  25.5  lbs.  per  ton. 
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Table  182. 
Balance  op  Grades  for  the  Use  of  Assistant  Engines. 


sernce,  the  through  and  pusher  engines  having  the 

'  same  weight  and 

tractive  power.] 

Net  Load 

Graob  up  which  the  same  Train 

CAN  BE  Hauled 

irough-Gkaob 

(Tons) 

BY  the  Aid  op— 

WORKED 

for  Average 
Consolidation. 

r  ONB  Encimb. 

One  Pusher. 

Two  Pushers. 

Three  Pushers. 

Level. 

2675 

•38 

.74 

1.08 

05 

2370 

.47 

.87 

1.25 

.10 

2125 

.57 

1. 00 

1. 41 

15 

1936 

.66 

1. 13 

1.57 

.20 

1758 

.75 

1.26 

1-74 

•25 

1618 

.84 

1.39 

1.89 

.30 

1496 

•94 

1.52 

2.05 

.35 

1392 

1.03 

1.64 

2.20 

.40 

1300 

1. 12 

1.76 

2^35 

•45 

1220— 

1. 21 

1.88 

2.49 

50 

1 147 

1.30 

2.01 

2.64 

.60 

1025 

1-47 

2.24 

2.92 

.70 

925 

1.65 

2.47 

3.20 

.80 

842 

1.82 

2.69 

3.45 

.90 

771 

1.99 

2.91 

3.70 

1. 00 

711 

2.16 

3.13 

3^95 

1. 10 

658 

2.32 

3.33 

4.20 

1.20 

6X2 

2.48 

3.55 

4.42 

1.30 

572 

2.64 

3.73 

4.65 

1.40 

536 

2.81 

3  93 

4.87 

1.50 

504 

2.96 

4.13 

5.07 

1.60 

475 

3-13 

4.32 

527 

I. So 

425 

343 

4.68 

5.68 

2.00 

383 

3.72 

5  03 

6.04 

2.20 

348 

4.01 

5.35 

6.40 

2  40 

318 

4.30 

5^67 

6.73 

2.60 

292 

4^57 

6.00 

7.05 

2.80 

269 

4.86 

6.30 

7-34 

3  00 

249 

5.10 

6.58 

7^63 

1/  tve  assume  \  instead  of  \  adhesion^  we  simply  reduce  the  tractive  power  of  an 
rage  Consolidation  (Table  170)  from  10  tons  to  8  tons.  The  ratio  of  the  gross 
ghts  of  trains  on  various  grades  remains  unchanged,  and  the  ratio  of  the  weight 
ind  tender  would  remain  so  likewise  if  the  gross  weight  of  engine  were  reduced  one 
1,  or  by  15  tons.  As  it  is  not,  the  column  headed  8.0  tons  tractive  power  in  Table  170 
uld  be  II  tons  greater  to  give  the  net  loads,  and  we  find  the  pusher  grades  to 

3S 
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If  we  allow  8  lbs.  per  ton  for  tractive  friction,  and  divide  the  remainder, 
which  is  admissible  as  grade  resistance,  by  20  (par.  682},  we  have  as  the 
grades  on  which  these  passenger  trains  can  be  handled,  by  reducing 
speed  to  15  miles  per  hour, 

2.57  per  cent,  1.38  per  cent,  .875  per  cent 

On  any  grade  up  to  these  limits,  the  trains  which  such  an  engine 
can  be  expected  to  handle  in  every-day  practice  will  be  readily  handled 
at  the  lower  speed  of  1 5  miles  per  hour,  if  it  is  possible  to  stand  the  loss 
of  time  thereby.  When  Mogul  or  ten-wheel  engines  are  used,  as  they 
usually  would  have  to  be  for  regular  trains  so  long  as  12  cars,  the  limits 
will  be  considerably  higher;  so  that  we  may  say  in  a  general  way, that 
grades  up  to  li.  or  i^,  or  even  2  per  cent,  are  not  a  serious  obstruction  to 
light  passenger  business,  except  in  loss  of  time.  If  pushers  are  used 
below  the  limits  indicated,  it  is  only  for  urgent  necessity  to  keep  up 
speed,  as  on  fast  through  expresses. 

759i  The  loss  of  time  involved  in  such  checking*  of  passenger  speed 
is  much  less  than  is  sometimes  hastily  imagined.  Table  183  gives  its 
exact  limits,  from  which  it  will  be  seen  that  a  reduction  of  speed  from 
40  to  20  miles  per  hour,  for  example,  loses  but  li  minutes  per  mile,  or  15 
minutes  on  an  incline  10  miles  long.     As  the  speed  is  higher  the  loss  of 

4 — Pusher  grade*  for  adhesion  of — . 
Through  grade  for  one  engine.  z-4.  1-5.  Difference. 

Level 0.38  0.37  o.ox 

x.o 9.16  9.08  0.08 

3.0 3.79  3.59  0.90 

30 5-»o  4-75  0.35 

A  lower  roUing'/riction  than  8  lbs.  reduces  the  rate  of  pusher  grades  about  0.08  per 

cent  on  a  level  grade,  decreasing  to  0.04  at  a  2  per  cent  grade. 

For  assistant  engines  heavier  than  the  through  engines^  add  the  foUowing  to  the 

above  grades  :  ^ 


Through  Grade. 


Level 
1. 00. 

1.50- 
2.00.. 


One  Assistant  Bnginb 
heavier  by— 


10  p.  c. 


.03 
.07 

.10 

.12 


30  p.  c. 


.07 
.14 

.20 

.24 


30  p.  c. 


.II 

.22 

.31 

.37 


Two  AasisTAMT  Bnginbs 

HBAVXBS  BY — 


10  p.  c 


.07 
.13 
.17 

.90 


90  p.  c. 


.26 

•34 

•40 


3op.C 


.22 

•39 

.51 

.60 


It  is  rarely  proper  to  assume  that  the  assistant  engines  will  be  of  greater  power  than 
the  throu{;h  en^nes.  Two  pushers  can  only  be  assumed  to  be  used  with  a  Urge  traffic 
or  very  heavy  grades,  and  three  pushers  only  with  the  very  largest  traffic. 
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Xime  becomes  very  much  less,  while  the  gain  of  power  becomes  very 
much  greater — a  condition  which  goes  far  to  justify  counting  on  this  re- 
source for  all  classes  of  passenger  trains,  within  reasonable  limits. 

Table  183. 
Loss  OF  Tiuz  IN  Minutes  Per  Mile  due  to  a  Decrease  of  Speed  of 

The  table  giTCi  the  loB  ot  lime  per  mile 
(he  givcD  kigh4r  speed  of^ioslte  the  given  /tn 


Lo.«  S«.D, 

Higher  Spkos-Melis  Per  Hiulb. 

Mile. 

MUe. 

II  1  ao 

IS 

30   1      35     1      40     1     4S      1      30 

55 

eo 

T.«Lo«P«Mu.;M,k™. 

" 

J.OO 

..<. 

J.o 

o.iS 

I 

4-»9 

1.99 
0.6, 

z 

,.67 

=  ,«7 

o.a, 
0.38 
0.1, 

..Bj 
0.B3 

4.9. 

D.OS 

!<> 

1^ 

0.71 

JO 

=-3S 

It  will  be  leen  tint  the  ■mount  of  time  lost  by  considerable  reductions  of  high  speeds 
is  leu  than  b;  very  slight  reductions  of  speeds  below  30  milei  per  hour,  while  the  gain  ia 
irain  resistance  is  very  much  greater  at  high  apeeds. 

The  fast  New  Yorlf  Central  Limited  Express,  which  makes  the  run  of  970  milei 
belwepn  New  York  and  Chicago  io  s^h.  5m..  with  Only  eight  regular  stops,  none  of  Ihem 
for  meals,  loses  55  minutes  Id  these  stops  alone.  lodudiDg  all  slowing  up  through  towns 
■od  rards,  stops  al  crcssings,  etc.,  not  ie»  than  3  hours  of  the  24  are  Ion  in  tbii  wsjr,  or 
about  o.a  minutes  per  mile,  equivalent  to  an  average  reduction  of  j  nuksperhouT  in  speed. 
With  moat  fan  trains  the  loss  would  be  more  than  double  thia. 

760>  On  the  New  York,  Lake  Erie  &  Western  Railroad,  hftving  several  long 
nazimum  grades  of  60  feel  per  mile  (1.14  per  cent),  paasenger  pushen  are  used 
only  by  the  very  heavy  through  express  trains.  At  Alioona,  on  the  Pennsylva- 
nia Railroad,  at  the  fool  of  the  9S-fl.  grade  (1.61  per  cent),  pushers  are  used  for 
nearly  all  passenger  trains,  but  nearly  all  are  heavy  trains.  The  IocaI  accom' 
modaiioo  trains,  caoslsting  of  4  to  6  ordinary  day  coaches  and  baggage  can, 
use  no  pushers.  About  30  miles  per  hour  is  made  by  the  passenger  traina 
using  pushers  up  the  mountains.  Except  for  the  requirement  of  making  Ibis 
<pe<d,  many  of  the  passenger  trains  could  dispense  with  pushers,  slthougft  the 
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heavier  through  expresses,  consisting  of  6  to  8  cars,  each  averaging  over  23 
tons,  would  find  difficulty  in  ascending  the  mountain  without  an  assistant  ra- 
gine  even  at  very  slow  speed.  • 

On  the  Middle  Division,  having  very  easy  grades,  not  over  16  ft.  per  mile 
at  any  point,  as  many  as  12  heavy  cars,  but  not  more,  are  hauled  by  a  single 
passenger  engine,  making,  howeyer,  even  with  this  train,  high  average  speeds. 
Similar  trains  are  hauled  over  the  New  York  Central  road  for  the  entire  dis- 
tance from  New  York  to  Buflfalo,  except  that  a  pusher  is  used  for  the  grade  of 
about  1.5  per  cent  at  Albany. 

761.  Except  within  the  limits  above  noted,  passenger  trains  as  well 
as  freight  must  be  assumed  to  require  pushers.  The  more  certain  it  is 
that  high  speed  will  be  required  at  all  points,  the  more  likely  they  are 
to  be  required ;  and  wherever  it  appears  likely  that  the  passenger  traffic 
will  be  important  and  competitive,  it  may,  for  a  moderately  prosperous 
road,  be  giving  no  more  than  due  weight  to  the  great  and  permanent 
value  of  easy  gradients  to  assume  that  all  trains,  both  passenger  and 
freight,  will  probably  require  helping  engines,  especially  as  the  tendenq 
to  increase  the  weight  of  passenger  trains  and  cars  is  strong. 

The  assumption  made  as  to  passenger  helpers  will  make  a  consider- 
able diflerence  in  a  comparison  of  gradients;  for  if  they  be  assumed  to 
be  used,  the  advantage  of  pusher  gradients  over  moderately  favorable 
through  gradients  will  be  much  less ;  while  if  they  be  not  assumed,  the 
disadvantage  for  passenger  service  of  the  higher  rates  of  grade  can  hardly 
be  estimated  at  any  considerable  figure. 

762.  In  laying  out  pusher  grades,  the  effect  of  fluctuations  in  the 
velocity  of  trains  to  modify  the  apparent  relation  of  the  grades  to  each 
other  must  be  carefully  kept  in  mind.  The  effect  of  these  differences 
(fully  considered  in  Chap.  IX.,  par.  397  et  seg.)  will  usually  be  that  the 
apparent  maximum  of  the  lower  (single  engine)  grades  will  be  higher 
than  it  really  is,  while  the  actual  maximum  of  the  higher  (pusher)  grades 
will  be  greater  than  the  profile  shows,  so  that  the  latter  will  need  to  be 
reduced  lower  than  an  apparent  balance  requires  in  order  to  give  a  true 
balance.  On  long  steep  ascents  slight  sags  in  the  grade-line  may  be  per- 
missible (par.  414  ct  scg.),  but  otherwise  no  excess  of  momentum  can  be 
relied  on  to  carry  trains  over  any  increase  whatever  above  the  normal 
rate;  while  any  stop  on  the  grade,  if  the  latter  be  long,  will  increase  its 
limiting  effect  far  above  the  apparent  maximum,  unless  care  has  been 
used  to  ease  the  grades  for  all  stop)s  which  can  possibly  be  required. 
Even  if  this  has  been  done,  there  are  always  likely  to  be  occasional  irr^- 
ular  stops,  and  the  occasional  operating  inconvenience  therefrom  will  be 
allowed  far  more  than  its  true  weight  in  cutting  down  trains. 
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763.  On  the  other  hand,  the  lower  through  grade  will  very  commonly 
be  cut  up  into  such  short  stretches  that  momentum  will,  or  may  be  made 
to,  reduce  its  apparent  rate  very  materially,  and  even  if  not,  moderate 
improvements  in  the  future  will  often  suffice  to  accomplish  this.  More- 
over, it  is  always  comparatively  easy  to  foresee  and  guard  against  limit- 
ing effects  from  stops. 

True  economy  will  ordinarily  dictate,  therefore,  that  the  resistance 

ON  THE  PUSHER  GRADE  SHOULD   BE    AT    LEAST    TEN    PER    CENT    LESS 

THAN  AN  APPARENT  BALANCE  REQUIRES  if  attainable  at  moderate  cost, 
with  the  following  proviso : 

If  the  rate  of  the  pusher  grade  be,  from  its^cost  or  otherwise,  the  fixed 
element  beyond  control,  as  often  happens,  then  the  rate  of  the  lower 
through  grade  should  be  reduced  at  any  reasonable  cost  (it  is  usually 
more  at  the  cost  of  care  than  money)  to  and  a  littU  below  the  full  extent 
which  an  apparent  balance  requires :  in  accordance  with  the  sound  gen- 
eral principle,  that  the  links  in  a  chain  whose  strength  we  cannot  control 
nor  exactly  foresee  should  be  the  weakest,  and  not  those  whose  strength 
we  can  control  and  can  foresee. 

764.  Again,  the  lower  the  rolling- friction  the  greater  the  proportion- 
ate effect  of  gradients  upon  the  total  train  resistance,  and  consequently 
the  lower  must  be  the  rate  of  the  higher  pusher  grade.  As  we  have  as- 
sumed (par.  623  |md  Table  170)  8  lbs.  per  ton  rolling-friction,  which  is 
probably  from  2  to  4  lbs.  high  for  the  slower  working  speeds,  the  rate  of 
the  higher  grade  should  be  from  o.i  to  0.2  percent  less  than  theory  would 
otherwise  indicate,  where  possible,  for  this  reason  alone. 

765.  A  variation  in  the  weight  and  power  of  the  assistant  engines 
affords  a  means  of  equalizing  minor  inequalities  in  the  balance  of  gra- 
dients, should  such  be  discovered,  but  this  should  be  counted  on  with 
caution  in  original  location.  To  count  on  using  pusher  engines  lighter 
than  the  through  engines  would  ordinarily  be  very  bad  practice.  It 
would  be  preferable  to  save  money  and  length  of  pusher  grade  by  using  a 
steeper  rate  of  grade.  To  count  on  using  heavier  pushers  is  open  to  three 
objections:  (i)  The  tendency  is  always  to  use  heavier  and  heavier  through 
engines,  and  a  point  will  then  soon  be  reached  where  corresponding 
increase  in  the  weight  of  pusher  engines  would  be  objectionable  or  im- 
practicable ;  (2)  It  imposes  a  greater  tax  upon  the  rails  and  track  at  the 
very  point  where  the  alignment  makes  it  most  objectionable ;  (3)  Such 
gain  as  is  possible  in  this  respect  is  very  apt  to  be  required  and  used  to 
make  up  for  the  inequalities  in  what  was  supposed  to  be  a  correct  balance 
of  gradients,  the  tendency  always  being  to  get  the  rate  of  the  pusher  grades 
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too  high  for  a  correct  balance  with  the  lower  grades.  In  actual  practice; 
at  the  present  day,  it  will  be  found  that  pusher  engines  usually  are  a 
little  heavier  than  the  through  engines,  and  yet  that  the  pusher  grades 
are  no  higher  in  rate  than  Table  182  would  indicate,  the  excess  being 
used,  apparently,  for  the  preceding  and  following  reasons,  and  not  to 
provide  a  true  balance  under  normal  conditions. 

766.  If  the  rate  of  adhesion  be  low,  the  admissible  rates  for  the  higher 
gradients  is  very  materially  decreased,  as  shown  in  Table  183,  for  the 
reason  that  the  percentage  of  effect  lost  in  moving  the  engine  itself  is 
very  materially  greater.  As  on  many  days  in  the  year  the  ratio  of  adhe- 
sion is  unavoidably  low,  on  those  days  the  resulting  inconvenience  will 
be  confined  to  the  pusher  grade,  but  will  be  very  apt  to  lead  to  the  per- 
manent cutting  down  of  trains  on  both  grades. 

The  consequences  of  any  unforeseen  breakdown  or  other  cause  of 
accident  or  delay  are  so  much  more  serious  on  heavy  grades  that  a  cer- 
tain excess  of  motive-power  is  naturally  sought  for  and  generally  obtained 
in  such  localities,  sometimes  at  the  expense  of  sound  economy. 

The  curvature  on  heavy  gradients  is  usually  very  much  more  severe. 
As  the  speed  is  also,  usually,  very  much  slower,  and  complete  stoppage 
from  lack  of  power  more  frequent,  it  appears  probable  (pars.  308.  335) 
that  the  curve  resistance  per  ton  is  higher,  and  hence  that  either  the  rate 
of  compensation  for  curvature  must  be  made  higher  on  high  pusher 
grades  or  a  lower  average  rate  of  grade  than  a  nominal  balance  requires 
be  adopted. 

THE   DUTY   OF   ASSISTANT   ENGINES. 

767.  Under  the  ordinary  exigencies  of  operation,  with  two  important 
exceptions,  below  noted  (par.  770  et  seg.),  pushing  or  assistant  engine 
service  must  be  rendered  by  separate  engines,  specially  detailed  for  that 
duty  and  available  for  no  other.  It  is  therefore  not  correct  to  assume 
that  the  pushing  service  will  cost  about  the  same  per  mile  run  as  for 
through  enjrines,  or  that  pushing  engines  will  make  the  same  annual 
milcajj^e.  Rather,  the  safer  basis  is  to  assume  as  nearly  as  may  be  that  a 
certain  number  of  cn^j^ines  must  be  maintained  for  that  service  alone,  at 
a  certain  cost  per  day  reo^anlless  of  mileage  made, //«j  the  extra  cost  due 
to  runnin^r  a  certain  number  of  miles,  whether  that  number  be  50  or  100 
or  more  miles  per  day. 

768.  As  a  general  and  safe  rule,  the  mileage  of  assistant  engines  may 
bo  taken  at  100  miles  per  day  t'f  they  will  have  a  chance  to  run  it,  and  as 
at  least  equal  to,  if  not  considerably  in  excess  of,  the  mileage  of  ordinary 
through  engines.     As  much  as  130  miles  per  day  is  run  by  pusher  engines 
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on  various  roads,  under  favorable  circumstances,  but  experience  does  not 
justify  an  assumption  that  more  than  this  is  practicable.  If,  therefore, 
the  estimated  traffic  will  require  150  miles  per  day  of  pusher  service,  the 
only  safe  basis  is  to  assume  that  two  engines  with  two  crews  will  be  re- 
quired, making  75  miles  per  day  each.  Theoretically,  one  engine  with 
tvro  crews  might  do  the  work,  but  practically,  if  the  duty  were  too  much 
for  one  engine  and  crew,  convenience  would  almost  certainly  require  and 
justify  keeping  two  engines  in  working  order  with  steam  up  for  at  least 
12  hours  per  day. 

When  the  pushing  service  to  be  performed  is  over  200  miles  per  day 
the  only  safe  basis  is  to  assume  one  engine  for  each  100  miles,  or  frac- 
tion thereof  over  fifty. 

769.  From  one  to  two  months  of  every  year  is  lost  by  engines  while 
m  shop  for  repairs  (see  Table  51),  which  reduces  the  apparent  mileage  per 
engine  per  year  (and  hence  per  day)  by  10  to  16  or  more  per  cent ;  but 
this  loss  need  not  be  considered  in  computing  the  number  of  engines  re- 
quired for  pushing  service  from  the  probable  mileage  to  be  run,  or  its 
cost,  since  the  cost  of  these  repairs  is  included  in  the  cost  of  the  miles 
actually  run,  and  the  engines  actually  detailed  to  pushing  service  can  and 
will  be  always  in  working  order. 

The  exceptions  to  which  the  preceding  general  rules  do  not  apply  are 
these : 

770.  I.  When  traffic  is  very  light,  pusher  grades,  if  not  too  long,  may 
be  operated  by  cutting  trains  in  two,  leaving  half  the  train  at  the  bottom 
of  the  grade,  placing  half  of  it  on  a  siding  at  the  top,  returning  for  the 
other  half,  which  is  preferably  pushed  up,  and  then  proceeding,  after 
coupling  up,  with  the  entire  train  once  more. 

This  is  done  to  only  a  limited  extent  as  a  regular  practice,  although  it  is  a 
resort  in  emergencies  on  nearly  all  roads.  It  might  well  be  done  to  a  much 
greater  extent  than  it  is, if  it  were  only  to  run  a  freight  train  three  times  a  week 
instead  of  daily.  It  is  one  of  those  possibilities  of  economy  which  are  neglected 
until  necessity  compels  them,  because  they  take  some  trouble  and  some  devia- 
tion  from  ordinary  routine  in  management. 

Convenience  requires  that  there  should  be  a  siding  at  least  half  a  train  long 
(preferably,  of  course,  a  full  train  long)  at  both  top  and  bottom  of  the  grade,  the 
lack  of  which  is  no  doubt  one  great  reason  why  this  expedient  is  not  oftener  re- 
sorted to. 

771.  2.  At  short  pusher  grades  near  stations,  yard  or  switching  engines 
can  often  perform  a  part  or  all  of  the  required  pushing  service  at  very 
moderate  cost — or,  what  amounts  to  the  same  thing,  the  pushing  engines 
can  be  so  utilized  for  switching  service  as  to  greatly  reduce  the  cost  and 
inconvenience  of  using  pushers. 
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The  instances  are  many  where  yard  engines  are  utilized  in  this  way,  if 
only  to  help  trains  through  yards  at  which  there  would  be  no  difficulty, 
except  for  the  fact  that  it  is  a  yard,  because,  for  obvious  topographical 
and  com merciar reasons,  it  is  very  common  to  find  large  yards  near  short 
stretches  of  objectionable  gradients.  When  the  yard  is  very  large,  to 
that  several  yard  engines  are  constantly  employed,  the  pushing  service 
cannot  be  assumed  to  be  added  without  adding  its  full  pro  raid  xx^  the 
number  of  engines,  but  in  all  cases  the  cost  and  inconvenience  of  the 
service  will  be  decreased,  and  so,  indirectly,  the  number  of  engines  which 
will  probably  be  required  for  the  joint  service,  to  the  extent  perhaps  of 
1 5  or  20  per  cent  of  the  whole  number  of  engines.  Switching  engines  of 
the  ordinary  type,  having  all  their  weight  on  drivers  are  not  well  ad^Med 
for  pushing  service,  on  runs  of  over  a  mile  or  two,  nor  much  used  there- 
for, since  they  are  ill  adapted  for  high  speed,  which  is  often  desirable  in 
returning  down  hill. 

772i  The  convenience  of  the  service  must  be  considered  as  well  as  the 
theoretical  requirements  in  estimating  both  the  probable  duty  and  pfoX^ 
able  cost  of  the  assistant-engine  service,  as  also  of  course  in  laying  out 
the  grades.  Unless  a  station  be  situated  immediately  at  the  foot  or  top 
of  the  grade,  the  service  must  be  assumed  to  begin  at  the  nearest  consid- 
erable station,  if  there  be  one  within  three  to  five  miles  of  either  point, 
because  that  is  where  convenience  will  require  that  it  should  begin  in 
practice. 

Unless  two  successive  pusher  grades  are  more  than  five  or  perfa^M 
even  ci^ht  miles  apart,  they  may  more  prudently  be  taken  as  one  and  the 
same  grade,  because  in  practice  that  is  the  way  in  which  they  will  be 
likely  to  be  operated.  The  tendency  is  always  to  consider  convenience 
in  such  matters,  even  at  the  expense  of  economy;  and  it  may  be  questioned 
if  there  is  even  a  theoretical  economy  in  breaking  up  a  pusher  run  into  two 
for  less  than  a  five-mile  interval,  or  even  under  special  circumstances,  with 
thin  traffic,  for  considerably  more.  The  inconveniences  of  stopping  and 
starting  and  of  maintaining  the  double  service  and  the  Joss  of  time  are  too 
great.  No  stop  is  required  at  the  top  of  the  grade  for  uncoupling  the 
pusher,  but  for  coupling  on  a  stop  is  necessary,  and  a  single  stop  of  a 
heavy  train  costs  more  than  a  five-  or  even  ten-mile  run  of  a  light  engine 
which  would  otherwise  be  standing  idle  with  steam  up. 

773.  In  considering  the  question  of  the  probable  duty  of  assistant  en- 
gines it  is  further  to  be  remembered  that  trains  do  not  come  at  equal  in* 
tervals  of  time  apart,  but  some  are  likely  to  come  so  near  together  that 
two  or  more  engines  will  be  almost  indispensable  at  certain  times  of  the 
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<lay,  and  some  so  far  apart  that  much  time  will  be  lost  while  under  steam. 
On  the  other  hand,  good  time  can  generally  be  made  down  hill ;  and  the 
systems  of  automatic  and  other  block  signals  have  now  been  brought  so 
near  perfection  that  short  sections  at  least  can  be  so  protected  that  little 
time  need  be  lost  between  trains  for  the  sake  of  allowing  a  maigin  of 
safety  in  time. 

American  railways  are  but  beginning  to  avail  themselves  of  these  in- 
terlocking and  signal  devices,  the  use  of  which  may  be  expected  to  ma- 
terially increase  hereafter.  For  sections  on  which  pushers  are  used  they 
are  particularly  well  adapted.  At  such  points  the  number  of  trains  is 
practically  doubled,  and  it  may  well  be  a  question  between  such  signals 
and  a  double  track. 

For  any  considerable  traffic  a  telegraph  station  at  top  and  bottom  of 
the  grade  is  all  but  indispensable. 

THE    COST    OF    ASSISTANT    ENGINES. 

774<  This  may  be  divided  into  three  elements : 

1.  Interest  charge  on  the  original  cost,  special  to  the  use  of  pushers,  in- 
<:luding  extra  engines,  engine-houses,  if  any;  sidings;  block  signals,  if  any; 
-etc 

2.  Cost  per  day  for  wages  and  a  certain  portion  of  the  fuel  and  repair 
charge  all  of  it  mdependent  of  the  mileage  run  per  day,  as  is  also  the  cost 
of  ma^ntc^ning  block  signals,  if  any. 

3.  Cost  per  mile  run  for  fuel  and  repairs,  and  for  wear  and  tear  of 
road-bed,  track,  and  sidings. 

779.  When,  as  will  usually  happen,  an  approximately  fair  mileage  can 
be  obtained  from  the  assistant  engines,  say  80  to  100  miles  per  day,  it  is 
unnecessary  to  separate  these  items  from  each  other,  but  the  whole  cost 
per  mile  run,  exclusive  of  maintenance  of  way  and  interest  charges,  may 
be  assumed  not  to  vary  materially  from  that  of  ordinary  through  engines, 
unless  there  is  some  considerable  difference  in  weight. 

The  experience  of  the  Philadelphia  &  Reading  Railroad  indicates  that 
thj  intermittent  service  01  pushing  engines  does  not  add  materially  to 
expnrses,  and  much  other  evidence  to  the  same  effect  might  be  given,  as 
also  for  the  fact  that  assistant  engines  will  realize  a  somewhat  higher 
yearly  service  than  through  engines,  c  wing  to  the  nature  of  their  service, 
which  facilitates  care  and  prompt  repairs.  At  least  the  difference  in  cost, 
if  any  exist,  must  in  general  be  trifling.  Assuming  there  were  none  at  all, 
the  DIRECT  RUNNING  EXPENSES  for  fuel,  oil,  and  water,  repairs  and  engine- 
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wages  would  average,  as  per  Table  80,  page  179  (see  Chap.  V.  for  further 
details),  20.8  cents  per  mile. 

776i  The  maintenance-of-way  expenses  must  also  be  estimiated  at 
a  considerable  figure.    There  is  a  peculiar  temptation  in  this  case  to  fall 
into  the  error  discussed  in  par.  125,  and  assume  that,  except  in  the  one 
Item  of  wear  of  rails,  there  will  be  little  additional  expense  for  mainte- 
nance of  way ;  but  partly  for  the  indirect  causes  discussed  in  par.  125— the 
necessity  of  maintaining  a  higher  standard  as  trains  increase,  as  well  as 
of  keeping  up  to  the  same  standard — the  cost  of  maintenance  of  way  will 
certainly  be  materially  increased.     For  reasons  which  may  be  readily  de- 
duced from  pars.  717-18.  it  will  certainly  not  be  excessive,  and  probably  as 
nearly  fair  as  is  possible,  to  assume  that  the  whole  cost  per  train-mile  of 
maintenance  of  way,  excluding  maintenance  of  bridges  and  buildings,  is 
increased  about  50  per  cent  by  the  pusher  directly,  and  including  the  in- 
direct increase  due  to  heavier  traffic  may  fairly  be  taken  as  in  practice 
100  per  cent. 

777.  The  total  cost  of  pusher  service  (including  the  return  light  down 
grade)  per  mile  of  incline  (on  the  basis  of  |i.oo  per  train-mile  average 
cost)  will  then  be  as  follows : 

Direct  running  expenses,  fuel,  water,  oil,  repairs,  and  wages 

per  mile  of  round  trip 41.6  cents 

Maintenance  of  way  expenses  per  mile  of  round  trip  17.5  cents 

(Table  80)  x  2 35.0     " 

Total  cost  per  mile  of  incline  per  round  trip 76.6     " 

Or  per  year  per  daily  train  per  mile  of  incline,  $0,766  x  365  =  $280.00. 

778.  The  introduction  of  steel  rails  and  the  general  cheapening  of  all  railway 
supplies  has  greatly  reduced  within  recent  years  the  cost  of  such  service,  especi- 
ally for  maintenance  of  way.  In  the  former  edition  of  this  work  this  expense 
per  mile  of  round  trip  was  estimated  at  94  cents,  of  which  54  cents  were  for  lo- 
comotive expenses  and  40  cents  for  maintenance. 

779.  This  estimate  assumes  that  the  pushing  engines  are  kept  fairly 
busy,  so  as  to  make  something  like  80  to  100  miles  per  day  average  mile- 
age. If  this  seem  impossible  or  doubtful,  it  will  require  to  be  increased 
correspondingly.  All  that  the  engine  falls  below  100  miles  per  day,  i.e., 
all  potential  mileage  not  actually  run,  may  be  assumed  to  cost  i  to  i  as 
much  per  mile  as  if  it  had  been  run,  and  is  so  much  added  to  the  cost  of 
what  is  run. 

780.  This  results  from  the  following  estimate:  Comparing  the  cost 
per  niile  run  of  an  engine  in  actual  service,  as  per  Table  8q»  and  the  cost 
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of  an  engine  standing  still  in  the  yard  with  steam  up  for  an  equal  period 
of  time,  we  have,  approximately,  the  following : 

Average  in  tenrice.  Standing  in  3rard. 

cu.  or  p.  c.  Per  cent.    Am'tt  cts.  or  p.  c. 

Fuel, 7.6  10                 0.8 

Oil  and  water, 1.2  o 

Repairs, 5.6  10                   .6 

Wages, 6.4  100                 6.4 

Maintenance  of  way,      .    .  17.5  o 

38.3  7.8 

781.  The  chief  loss  from  standing  still  is  in  engine-wages.    Fuel  is 
not  necessarily  wasted  to  any  such  extent  as  to  make  it  an  item  of  im- 
portance.   The  total  consumption  per  hour  of  an  engine  standing  in  the 
yard  to  simply  make  good  the  loss  from  radiation  has  been  determined 
by  experiment  not  to  exceed  necessarily  24  to  35  lbs.  of  coal,  or  about  the 
quantity  burned  in  service  in  running  one  half-mile.     This  would  indi- 
cate that  the  consumption  of  an  engine  standing  idle  in  a  yard  for  a 
'whole  day  with  steam  up  would  only  be  one  or  two  per  cent  of  what  it 
would  be  in  service ;  but  an  engine  standing  idle  only  between  intermit- 
tent periods  of  service  would,  by  carrying  a  larger  fire  and  the  cooling  off 
of  the  machine,  as  well  as  by  blowing  off  through  the  safety-valve  and 
other  effects  of  careless  firing,  waste  much  more  than  this  proportion ;  so 
that  the  allowance  made  above  (10  per  cent)  is  hardly  too  high. 

782.  The  effect  on  cost  of  repairs  per  mile  run  of  intermittent 
work  is  likewise  slight.  There  is  no  doubt  some  bad  effect  from  the 
intermittent  and  irregular  nature  of  pusher  service,  but  the  mere  fact 
that  an  engine,  between  its  trips,  stood  idle  with  steam  up  for  an  hour, 
more  or  less,  instead  of  immediately  starting  off  on  another  trip,  would 
of  itself  add  little  to  the  cost  of  repairs  per  mile  actually  run.  Deterio- 
ration would  no  doubt  be  going  on,  but  all  the  great  causes  of  deteriora- 
tion— wear  and  tear  of  running  gear  and  machinery,  from  stopping  and 
starting,  brakes  and  running  over  the  track,  injury  to  boiler  and  boiler- 
tubes  by  cooling  off,  by  the  fierce  heat  of  the  fire  and  by  the  mechanical 
action  of  the  coal  drawn  through  the  tubes,  etc.,  etc. — are  absent.  The 
above  allowance  is  therefore  ample,  and  probably  excessive,  leading  to 
the  resulting  conclusion,  that  the  cost  of  an  engine  per  hour  standing  in 
the  yard  with  steam  up  is  little  more  than  one  fifth  as  much  as  if  in  mo- 
tion at  15  or  20  miles  per  hour. 

The  correctness  of  this  conclusion  might  be  indicated  in  another  way 


• 
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by  comparison  with  experience  with  switch  engines,  but  more  detailed 
comparison  would  lead  us  too  far. 

783i  The  interest  charge  on  pusher  engines  is  fairly  chargeable  to  the 
cost  of  the  service  as  well  as  the  running  expenses,  for  the  same  reason 
that  the  interest  charge  in  the  extra  engines  required  to  operate  a  heavier 
grade  must  fairly  be  added  to  the  other  expenses  entailed  by  the  grade. 
as  specified  in  par.  731.  Prop>erly  speaking,  the  first  cbst  of  these  extra 
engines  is  a  part  of  the  cost  of  constructing  the  line  Of  those  grades,  as 
much  as  the  bridges  or  track  thereon,  and  it  should  be  included  in  the 
estimate  of  the  cost  of  construction  unless  the  interest  charge  is  added 
to  the  operating  expenses. 

784.  To  accurately  estimate  the  cost  of  pusher  service,  then,  we  must 
determine — 

First.  The  length  of  pusher  run  in  miles  (par.  767). 

Secondly,  The  probable  number  of  daily  trips  per  engine^  and  hence 
the  number  of  engines  required  for  the  given  traffic. 

Thirdly,  Determine  the  annual  interest  on  their  first  cost. 

Fourthly,  Compute  the  cost  of  the  mileage  made,  according  to  pan. 
^^^  and  780. 

The  sum  of  the  last  two  items  will  be  the  total  cost  of  the  putha 
vice. 


COMPARISON  OF  PUSHER-GRADE    LINES  WITH   UNIFORM  GRADIKNT8. 

785.  Ordinarily,  when  pusher  grades  are  used,  they  will  not  be  per- 
fectly balanced  with  the  through  grades,  but  either  one  or  the  other, 

whichever  opposes  most  difficulties  of  con- 
struction to  obtaining  low  grades,  will  be 
the  true  limiting  gradient.  The  other 
must  then  be  assumed,  in  order  to  give  a 
fair  comparison  with  a  uniform  gradient 
line,  to  be  of  such  rate  as  to  give  a  per- 
fect balance  (Table  182),  although  the  fact 
that  it  is  really  lower  will  not  therefore  be  a 
wholly  valueless  advantage,  even  for  freight 
purposes.  In  Fig.  179,  for  example,  the  0.7  through  grade  and  the  1.75 
pusher  grade  are  not  perfectly  balanced.  The  pusher  grade  should  either 
be  reduced  to  1.65  or  the  through  grade  be  assumed  to  be  equivalent  to 
0.75.  unless  the  circumstances  make  it  proper  to  assume  the  aae  of 
lieavier  pusher  engines  than  through  engines,  which  is  rarely  the  rafg 
(par.  763  et  scq^. 


Fig.  179. 
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786.  If,  then,  we  have  two  alternate  locations,  AB  and  AA^B,  Fig. 
179,  one  of  which,  AB,  is  on  a  lower  through  grade  (say  of  1.25  per 
xnt),  which  it  has  appeared  practicable  to  operate  without  assistant 
x>wer,  and  the  other,  A'B,  is  the  lowest  through  grade  which  it  has 
)ccn  or  will  be  practicable  to  secure  apart  from  the  incline  AA\  which 
t  is  expected  to  work  with  assistant  power,  by  adopting  the  line 

«riTH  ASSISTANT  POWER — 

First,  We  gain  what  is  equivalent  to  a  reduction  in  the  ruling  grade. 
Torn  the  rate  AB^  which  in  the  diagram  is  1.25  per  cent,  to  the  rate^'^» 
vhatever  it  may  be.  The  amount  of  this  gain  will  depend  upon  the  skill 
ind  good  fortune  with  which  the  grades  have  been  adjusted,  but  it  will 
)rdinarily  be  a  very  considerable  difference. 

Second,  We  LOSE  the  cost  of  assistant  power  on  the  incline,  as  esti- 
aated  according  to  pars.  777-784. 

787.  The  problem  being  thus  stated,  the  values  previously  deter- 
ained  give  us  a  ready  and  simple  method  of  solving  it.  Thus  if,  in  Fig. 
79,  we  have  estimated  the  probable  number  of  daily  trains  required  on 
he  pusher-grade  line  A'B,  which  is  actually  a  0.7  maximum,  but  is  virtu- 
lly  made  0.75  by  the  effect  of  the  imperfect  balance  of  the  pusher 
^des,  then,  by  adopting  the  line  having  a  uniform  maximum  gradient 
)f  1.25  per  cent,  we  have  in  effect  increased  the  ruling  grade  0.50  per 
«nt.  Now,  assuming  the  pusher  line  to  be  100  miles  long.,  with  a  pusher 
prade  of  10  miles  length  on  it,  and  the  other  line  to  be  105  miles  long, 
he  estimated  difference  in  the  operating  values  of  the  two  alignments 
vould  be  as  follows,  allowing  the  rate  of  interest  on  capital  to  be  5  per 
rent. 

Jn  favor  of  the  pusher  line  A  A' B.YiL^  daily  train: 

Difference  in  ruling  g^ade — a  saving  of  0.50  per  cent  increase 

above  a  0.7  per  cent  grade  :  Value  by  Table  178,  $3,541  -#- 

0.05  X  5  =  $354,000  for  a  division  100  miles  long.     For  a 

division  105  miles  long  we  have  (par.  740),  $354,000  x  1.05=  $371,700 

In  favor  of  the  uniform  gradient  AB  : 
10  miles  saved  of   assistant-engine  service,  cost  by  par.  777 

$2,800,  which,  capitalized  at  5  per  cent,  = $56,000 

^et  difference  in  operating  value  due  to  difference  in  gradients 

only,  in  favor  of  line -<4^'^ $315,700 

/alue  of  5  miles  of  distance  in  favor  of  line  AA'B  possibly  noth- 

$290 

ing.  and  possibly  by  par.  196,  — --  x  5  =       $29,000 

.05 

Total  difference  in  operating  value,  per  daily  train,  in  favor  of 

low-grade  (pusher)  line $344,700 
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To  this  is  to  be  added  an  allowance  for  any  difference  in  the  probable 
traffic,  for  any  loss  of  time  of  assistant  engines,  and  for  any  difference  in 
the  probable  capital  expenditure  for  locomotives,  which  will  naturally 
be  least  on  the  line  which  shows  the  highest  operating  value. 

788.  By  computing  various  examples  of  this  kind  it  will  be  seen  how 
very  large  an  economy  almost  invariably  results  from  using  pushers,  but 
the  condition  that  the  pushers  must  be  kept  busy  and  be  always  on  hand 
to  have  them  economical  must  be  remembered.  The  larger  the  traffic 
of  the  road  the  more  easily  can  this  be  assured,  and  consequently  the 
more  frequently  can  pushers  be  used.  They  are  sometimes  used  as 
often  as  three  or  four  times  on  a  division,  but  with  a  light  traffic  this 
would  be  inexpedient. 

All  the  preceding,  however,  applies  to  freight  business  only.  The 
use  of  pushers  in  passenger  service  is  far  less  general  (par.  757). 

789.  Whether  for  passenger  or  freight  service,  perhaps  the  most  ad- 
vantageous and  satisfactory  basis  of  comparison  of  all  for  comparing 
alternate  systems  of  gradients,  as  it  certainly  is  the  simplest,  is  to  deter- 
mine the  number  of  engine-miles  which  must  be  run  per  through  car  (or 
ton) — i.e.,  per  car  or  ton — moved  over  the  line  for  the  entire  distance 
between  termini. 

A  "  car"  has  become  in  recent  years  such  a  very  indeterminate  thing, 
owing  to  the  rapid  increase  in  weights  carried,  that  the  ton  is  the  best 
limit  to  use,  as  in  Table  170,  giving  the  capacity  of  engines  on  various 
grades. 

By  this  process  the  effect  of  differences  of  distance  as  well  as  grad- 
ients is  included  in  the  same  estimate,  and  having  assumed  a  reasonable 
price  (see  Table  143)  for  the  cost  of  the  additional  motive-power  and 
train-service  required,  the  estimate  is  very  readily  completed. 

790.  Thus  the  example  already  given  (par.  787  and  Fig.  179)  may  be 
compared  as  follows : 

Line  A A'B  for  pushers:  105  miles;  10  miles,  1.75  per  cent  (92.4ft 
per  mile),  90  miles,  actually  0.7  per  cent,  but  in  effect  0.75  per  cent. 
Regular  load  for  through  engine  with  ii  tons  on  drivers  (Table  170).  8S1 

tons. 

Line  AB,  uniform  gradient:  105  miles,  1.25  per  cent  (66.0  ft.  pci 
mile).     Engine  load  (Table  170),  592  tons. 

We  then  have  this  comparison  : 

Line  AA'B,  881  tons  x  100  miles  =  88,100  ton-miles  hauled  by  100  + 
10  miles  run  by  engine  (in  one  direction),  or  801  ton-miles  per  engine 

mile,  or  —  =  8.0  through  tons  per  engine-mile. 
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Line  AB,  592  tons,  through  load,  no  pusher  service,  or  —  =  5.93 
through  tons  per  engine-mile. 

o  00 

We  have  then  -^ —  =  35.14  per  cent  excess  of  engine-mileage  on 

line  AB  for  the  same  through  traffic,  whatever  it  may  be ;  and  estimating 
the  cost  of  this  extra  engine-mileage  at  about  half  the  average  cost  of  a 
train-mile,  as  in  par.  720  (which  is  not  quite  correct,  because  the  excess 
of  /ra/n-mileage  on  line  AB  is  even  greater  than  the  excess  of  engine^ 
mileage)  the  freight  operating  expenses  over  the  two  lines  will  be  to 
each  other  about  as  100  to  1 17.6.  Estimating  then,  however  rudely,  the 
operating  expenses  over  either  line,  we  have  a  tolerably  close  indication 
of  the  difference  in  value  between  them,  which  will  lead  to  almost  exactly 
the  same  total  as  in  par.  787. 

791.  With  reference  to  the  passenger  business  on  this  particular  line, 
if  only  a  moderate  through  traffic  is  to  be  handled,  the  difference  in  the 
^gradients  will  be,  with  well-arranged  stations,  a  matter  of  little  conse- 
quence. If  only  a  little  heavy  passenger  traffic  is  to  be  handled,  under 
otherwise  favorable  conditions,  the  uniform  gradient  of  1.25  per  cent 
will  have  a  certain  advantage ;  but  if  any  really  heavy  passenger  traffic  is 
to  be  handled,  the  'pusher  line  will  have  much  the  same  advantage  for 
it,  and  for  much  the  same  reasons  as  it  has  for  the  freight  traffic.  It  is 
a  much  more  indeterminate  problem,  but  the  financial  importance  of 
high  passenger  speeds  at  all  points  and  the  effect  upon  it  of  low  gradients 
and  easy  curvature  is  generally  over-estimated  (pars.  757-9)* 
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CHAPTER  XVII. 

THE   BALANCE  OF   GRADES  FOR   UNEQUAL  TRAFFIC. 

792.  An  engine  which  has  carried  a  full  load  in  one  direction 
must  return  at  nearly  the  same  expense,  whether  the  train  be- 
hind it  be  fully  loaded  or  not.     There  must,  of  course,  be  the 
same  number  of  cars  in  each  direction,  in  the  long-run,  or  very 
nearly  so  (there  being  some  lines  over  which  considerable  num- 
bers of  cars  run  only  in  one  direction,  returning  by  other  routes), 
and   of  course  there  is  always  precisely  the  same  amount  of 
motive-power  available.     If,  therefore,  the  movement  of  traffic 
is  permanently  heavier  in  one  direction  than  in  the  other,  or 
there  is  good  reason  to  expect  that  it  will  be,  the  grade  opposed 
to  the  lighter  returning  traffic  may  be  made  heavier  than  that  in 
the  opposite  direction  by  an  amount  sufficient  to  make  the  re- 
sistance of  trains,  and  hence  the  requisite  motive-power,  the  same 
in  both  directions.     No  advantage  whatever  results  from  reduc- 
ing the   return   grades  below  this,  beyond  the  small  amount 
which  represents  its  value  for  occasional  emergencies  when  the 
usual  balance  of  traffic  is  temporarily  disturbed,  and  the  still 
smaller  amount  which  represents  the  value  of  reducing  the  rate 
of  any  grade,  as  pointed  out  in  par.  462;  and  hence  great  economy 
may  sometimes  be  effected  in  construction  by  utilizing  to  the 
full  such  increase  in  grade  as  is  legitimately  made  possible  by 
the  difference  in  resistance  due  to  the  lighter  load  yi  one  direc- 
tion. 

793.  The  determination  of  the  proper  balance  of  grades, 
under  any  assumed  difference  of  traffic,  is  a  simple  matter.  The 
determination  of  the  basis  of  fact  upon  which  the  adjustment 
must  rest  is  not  so  simple,  but  rather  one  of  great  uncertainty, 
except  in  some  cases  of  roads  built  for  carrying  minerals  or 
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Other  special  traffic.  Far  roads  of  a  large  and  mixed  traffic,  as 
even  our  through  East  and  West  trunk  lines,  the  problem  is  much 
complicated  by  the  tact  that  changes  of  importance,  especially 
in  the  transportation  of  minerals  or  from  the  construction  of  new 
lines,  are  liable  to  occur  at  any  time.  Thus  the  growing  an- 
thracite coal  trade  to  the  West  has  produced  and  is  producing 
great  changes  in  the  ratio  of  the  tonnage  East  and  West;  and  not 
unfrequently  on  different  parts  of  the  same  line  the  burden  of 
traffic  is  in  opposite  directions — perhaps  from  causes  entirely  be- 
yond foresight  when  the  road  was  first  built.  Nearly  always  the 
ratio  of  preponderance  varies  considerably  from  point  to  point. 

794.  On  the  Pennsylvania  Railroad  the  balance  of  traffic  is 
widely  different  at  different  points,  the  westward  preponderating 
greatly  at  the  western  end,  and  the  eastward  at  the  eastern  end, 
as  shown  in  Table  184,  which  is  well  worthy  of  study.     Table 


Table  184. 

Comparative  Volume  of  the  Traffic  East  and  Traffic  West  at  Various 
Points  on  the  Main  Line  of  the  Pennsylvania  Railroad,  between 
New  York  and  Pittsburg.     1885. 


Station. 


Jersey  City. 
Trenton  . . . . 
Philadelphia 
Columbia. . . 
Harrisburg . 

Mifflin 

Altoona  . . . . 
Conemaugh . 

Derry 

Pittsburg. . . 


Miles  from 
New  York. 


I 

57 

91 

171 

196 

245 

327 
364 
398 
444 


COMPARATIVK  VOLUMK  OF 

Traffic  (Phila.  =  t.oo). 


Eastward.  ' 


0.51 
0.74 
1. 00 
1.06 

1. 17 
0.98 
0.77 
0.72 
0.56 
0.30^ 


Westward. 


1. 15 
1. 13 

1. 00 

0.92 

0.94 

0.81 

1. 10 

1.05 

0.73 
1.27 


Ratio  of  Loaded  Cars.* 
East  to  West. 


to 
to 
to 
to 
to 
to 
to 
to 
to 
to 


1.47 
2.13 
3.26 

376 
4.09 

3.97 

2.25 

2.22 
2.49 
0.78 


*  The  probability  is  that  most  of  the  loaded  cars  West  are  more  lightly  loaded  than  those 
East,  so  that  the  actual  excess  of  east-bound  over  west-bound  was  greater  than  this  table 
indicates,  except  at  Pittsburg,  where  the  west-bound  cars  were  presumably  the  heaviest  The 
avtragt  dia^op^rtion  tver  the  whole  road^  m  ton-miles,  may  be  deduced  from  Table  98  to  be 
t  to  3.49. 

By  referring  to  Table  98  it  will  be  seen  that  the  variation  in  the  disproportion  is  as  lawless 
in  different  years  as  the  above  table  shows  it  to  be  on  different  paru  of  the  same  line. 

39 
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98,  pages  232-3,  shows  the  revolutions^ry  way  in  which  this  dis- 
proportion has  varied  during  the  past  forty-five  years,  or  during 
the  entire  history  of  the  road.  Neither  the  extent  nor  the  nature 
of  tliese  changes  could  well  have  been  anticipated  when  the  road 
was  first  constructed;  but  from  our  present  stock  of  knowledge, 
actual  or  potential,  as  to  the  course  of  such  matters  in  the  past, 
we  may  make  a  reasonable  and  safe  approximation  at  least  10 
the  future  probabilities  in  this  respect,  by  investigating  the  facts 
as  to  neighboring  or  rival  lines.  The  proper  manner  of  doing 
this  we  will  shortly  consider.  A  large  body  of  further  statistics 
of  the  same  kind  as  to  other  roads  might  be  presented,  but  not 
enough  to  serve  any  more  useful  purpose  for  any  particular  line 
than  the  approximate  figures  given  in  this  chapter,  without  an 
inadmissible  amount  of  them. 

795.  Assuming  the  ratio  of  the  tonnage  in  each  direction  to  be 
known  or  assumed,  the  admissible  difference  of  gradients  to  correspond 
may  be  very  quickly  determined  by  the  aid  of  the  long  Table  170,  by  de- 
termining the  total  load  in  tons  behind  the  tender  which  must  be  hauled 
on  the  return  trip,  for  a  given  disproportion  of  tonnage.     The  total  load- 
can  at  once  be  divided  into  paying  load  (freight)  and  dead  load  (cars),  v"^ 
we  know  or  assume  the  average  load  and  weight  per  car.     By  1890,  wit -I^' 
the  prevailing  tendency  to  increase  average  load,»it  is  probable  thatih  ^ 
total  load  hauled  in  the  direction  of  heaviest  traffic  might  fairly  b 
divided  as  follows : 


Toul  weight 

per  car  or 

train. 

LiTe  weight 

per  car  or 

train. 

Deadweight 

per  car  or 

train. 

General  Traffic,  . 

.     .         i.oo 

0.60 

040 

Mineral  Traffic,  . 

.    .        I.oo 

0.72 

0.28 

At  present  this  is  a  little  too  favorable;  not  as  respects  the  nominaT- 
loads,  but  as  respects  the  loads  actually  hauled,  although  some  of  ou^^ 
best  roads  approach  it.  For  example,  the  average  load  of  loaded  cars  orJ 
the  Pennsylvania  Railroad  is  now  14  tons,  and  of  East-bound  only  15^-. 
tons.  The  average  weight  of  the  empty  cars  is  probably  in  the  neighbors 
hood  of  loi  tons.     See  Table  1 54.  p.  486. 

Then  if  the  return  tonnage  be  only  half  as  g^eat,  the  total  weight  (^ 

.,,  ,         ,               0.60 
return  trams  will  be  only  0.40 H =  70  per  cent  as  heavy  in  tons;  ar 

having  computed  this  weight  in  tons  (making  also  an  allowance  whi- 
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e  shall  consider  in  a  moment)  we  find  at  once  from  Table  170  the  cor- 
^sponding  grade. 

796.  In  this  simple  manner  Table  185  below  was  computed,  which 
ives  sufficient  data  to  enable  the  proper  balance  under  almost  any 
ivcn  conditions  to  be  readily  determined  by  interpolation.  Without 
ie  aid  of  Table  170,  while  each  step  in  the  process  is  simple  enough, 
lere  are  a  good  many  to  be  taken,  in  each  of  which  a  mistake  is  easy, 
hich  is  probably  the  reason  why  in  not  a  few  instances  of  actual  prac- 
ce  errors  of  importance  have  been  made  in  it.* 

797.  The  computation  of  the  theoretical  balance  of  gradients  is  com- 
licated  by  the  following  practical  considerations,  the  efiect  of  which 
lould  be  included  in  the  computation : 

1.  The  journal- friction  of  empty  cars  is  at  least  2  lbs.  per  ton  (=  o.i 
er  cent  of  grade)  higher  than  with  loaded  cars,  requiring  a  modification 
f  the  theoretical  balance  of  grade  to  that  extent  in  favor  of  the  lightest 
'aflic  in  case  all  cars  return  empty,  and  proportionately  if  a  part  return 
mpty.  This  has  been  done  in  computing  Table  185,  as  indicated  by  the 
so  lower  lines. 

2.  It  is  not  practically  possible  (par.  91)  to  have  all  cars  in  all  trains 
(ways  loaded  even  in  the  direction  of  heaviest  traffic.  A  certain  pro- 
ortion  of  the  cars,  which  for  this  particular  purpose  may  be  estimated 
iberally  but  not  unfairly)  at  from  5  to  even  (in  special  cases)  10  per 
ent,  will  go  empty  even  in  the  direction  of  the  heaviest  traffic.  These 
ars  serve  to  increase  by  so  much  the  proportion  of  the  dead  to  the  live 
>ad  of  trains,  and  by  so  much  diminish  the  admissible  difference  in  gra- 
ients.  and  so  also  will  the  fact  that  even  loaded  cars  do  not  by  any 
leans  average  their  full  nominal  capacity.  Both  of  these  latter  consid- 
rations,  however,  affect  only  the  estimate  of  the  proportion  of  the  pay- 
ig  to  the  dead  load,  which  is  the  first  thing  to  be  assumed  for  determin- 
ig  the  balance  of  grades. 

798.  3.  The  disproportion  of  traffic  varies  not  only  from  year  to  year 
nd  from  point  to  point,  but  from  day  to  day  and  from  week  to  week,  as 
Iready  noted.  That  this  must  inevitably  be  so.  more  or  less,  is  apparent : 
raffic  cannot  be  held  until  it  is  convenient  to  move  it.  but  must  be 

*  E.g..  a  prominent  text- book  gives  extracts  from  official  reports  of  two 
cry  prominent  engineers,  each  containing  a  number  of  computations  of  this 
ind,  every  one  of  which  is  much  in  error,  and  in  quite  different  ways,  as 
ointed  out  and  corrected  in  detail  in  the  first  editlpn  of  this  treatise.  The 
riter  could  readily  mention  still  other  instances. 
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Table  189. 

Proper  Adjustment  of  Ruling  Grades  for  an  Unequal  Volume  :f 

Traffic  in  Opposite  Directions. 

[Correct  within  an  inconsiderable  peicentage  for  all  classes  of  engines  and  c^ndricrj 
of  service.  Computed  for  an  average  Contolidation  engine  from  Table  170.  as  expoiLtc 
in  par.  795.  Rolling-friction  of  empty  cars  awaimed  to  be  a  lbs.  per  ton  greater  th^  'jia: 
of  loaded  cars.] 

\  RETURN  GRADES 

!     Opposing  an  Equal  Rbsistamcb  to  thk  Powsk  or  thr  Eng:nc  :?  thz 
Gross  Wright  op  Cass  akd  Load  Rm-SKuic  is— 
1  Weight  in  diiectioa  of  hcaTiest  traffic  =  i.ooi 


Gradr  opposrd 

TO  Heaviest 

Traffic. 

'    .ss     ' 

.76 

M 

.52 

.40 

.2^ 

Pci  Cent. 

.    -              .                   1 

Ratio  of  Return  Freight  only  to  that  in 

Direcuon  of  Heariett  Traffic. 

Freight 

Cart 

Returning 

.46 

.69- 

-92 

1. 14 

1-35     ! 
1.56     , 

1-77     ; 

1.98     1 

2.17 
2.37     ' 

Coal  Or* 

RetursiziT 

0.8 

0.6 

0.4 

0.2 

Eapty. 
fSce  p*r.  :?a-  • 

Level 

•03 

.14 
.26 

.37 

.48 
.60 

.71 
.82 

93 
1.04 

.oS 

.15             .29 

0-^4 

.1 
.2 

•3 

.4 

.5 
.6 

.7 
.8 

•9 

.21 
•34 
•47 

.60 
.72 

•S5 

•97 
1. 10 

1.22 

.30 

.46 
.61 

•75 
.90 

1.04 

1. 19 

1.33 
1.48 

-45 

.63 
.81 

.98 
1. 16 

1-33 

1.50 
1.66 

1.83 

1. 14 
1.4.1 
1. 73 

2.00 
2.27 
2.54 

2-79 
3.04 
•;.2S 

I.O 

1. 15 

1.35 

1.60 

1.S4 
2.0S 

2.33 
2.57 
2. So 

3.03 
3.26 

350 
3-74 

1.62 

1-99 

2.56 

3.52 

1.2 

14 
1.6 

1.8 
2.0 
2.2 

2.4 
2.6 

2.8 

1-37 

1-59 
I. Si 

2.03 

2.24 

,     2.46 

2.68 
'     2. 89 

3." 
.      3.32 

3.56 
43^ 

1.90 
2.17 

1     2.44 

,     2.71 
2.93 

3.24 

3.49 

3.74 
3.99 

2.32 
2.63 
2.94 

3.24 

3.54 
3.82 

4.10 

4.37 
4.64 

2.94 

3.31     ' 
3.65 

3.98 

*  4.32 

4.65 

4.97 
5.20 

5.52 

3-96 
4.40 
4.  So 

5.17 
5-55 
5--- 

6.21 
6.53 

6.S3        ^ 

3.0 

4.23 

4.91 

5.80 

7-10        _ 

3.5 
4.0 

4.30 
4.S6 

4.84 
5.44 

5-54 
6.16 

6.46 
7.10 

—  5— 
8.47 

Excess  rolling- 
friction  from 
empty  cars.. 

,  0.4       ' 
0.02 

2 
0.8 

0.04 

\  lbs.  per  ton 
1.2      {     1.6 

grade  per  cent 
0.06         0.08 

1    a.o 

1     O.IO 

2.0 

O.IO 

.-\  LOWER  ASSUMED  ROLLING-FRICTION  (than  8  Ibs.  per  too)  wiB  KEDUCE  the  ad-«^ 
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musible  rate  of  rettim  grades  by  about  0.2  per  cent  in  the  "  north-east  comer"  of  the 
table,  its  effect  decreasing  very  rapidly  from  that  point  in  each  direction. 

A  LOWER  RATIO  OF  ADHESION  (than  ^)  will  also  REDUCE  the  admissible  rate  of 
return  grade,  its  effect  being  very  important  in  the  '*  south-east  comer"  of  the  table,  but 
decreasing  still  more  rapidly  in  each  direction  therefrom. 

The  use  of  tank  engines  will  very  materially  increase  the  admissible  rate  of 
return  grades,  having  a  directly  contrary  effect  to  a  lower  ratio  of  adhesion.  The  same 
is  true  in  less  degree  as  the  proportion  of  weight  on  drivers  or  ratio  of  adhesion  is  increased. 

None  of  these  changes  being  proper  ones  to  assume,  it  is  not  deemed  necessary  to  give 
exact  figures. 

moved  at  once ;  and  since  there  must  be  more  or  less  irregular  fluctua- 
tions in  the  volume  of  all  traffic,  it  may  well  happen,  and  not  unfrequently 
iocs  happen,  that  for  the  time  being  the  burden  of  traffic  shall  be  in  the 
>pposite  direction  to  the  normal  one.  Thus  on  the  leading  East  and 
W^est  lines  of  the  United  States,  especially  those  of  the  second  grade,  it 
s  not  uncommon  to  see  engines  running  East  light  to  handle  an  un- 
isual  quantity  of  West-bound  traffic,  although  there  is  normally  a  very 
heavy  excess  of  east-bound  traffic  on  nearly  all  of  them. 

When  this  occurs  favorable  west-bound  grades  are  a  decided 
economy,  although  ordinarily  they  may  be  unimportant. 

Nevertheless,  the  importance  of  this  cause  should  not  be  exaggerated. 
Marked  irregularities  of  this  kind  are  exceptional  and  short-lived, 
and  would  justify  but  very  small  expense  to  reduce  grades  on  their 
account  below  what  the  average  requires.  Irregularities  of  5  or  10  per 
cent  may  be  expected  to  exist  for  nearly  half  the  time,  and  hence  to  jus- 
tify about  half  the  expense  for  reducing  the  grades  correspondingly  that 
would  be  incurred  to  provide  for  the  average  condition  of  the  whole 
traffic.  There  is  also  a  certain  small  economy  in  being  able  to  send 
back  some  of  the  surplus  engines  and  train  crews  light,  as  passenger 
extras. 

4.  For  passenger  traffic  equally  balanced  grades  are  always  desirable, 
as  noted  more  fully  in  par.  807  et  seq, 

799.  It  is  noticeable  that  all  four  of  these  limiting  provisos  tend  to 
diminish  the  admissible  variation  in  opposing  rates  of  grade.  In  the 
aggregate  they  indicate  that  a  reduction  of  the  grades  against  the  light- 
est traffic  by  something  like  0.2  to  0.3  per  cent  (10  to  16  ft.  per  mile)  be- 
low what  the  assumed  average  disproportion  in  weight  of  trains  seems  to 
require,  is  worth  nearly  half  as  much  as  if  required  by  the  average  con- 
ditions themselves.  When,  in  addition  to  these  reasons  for  approximat- 
ing more  closely  to  an  even  balance  in  spite  of  a  known  disproportion  of 
traffic,  the  very  existence  of  the  assumed  disproportion  appears  doubtful. 
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«-  .:  zTM&Zjtr  caution  should  be  used  in  assuming  that  an3rthing  will  be 
--.  .:;r:-.:r.i-!e  b'Jt  an  exact  balance  of  resistances,  which  latter  is  of 
:   .r^e  :>.*  s^'csi  asaumpiion  to  make  when  the  future  is  for  any  reason 

N>ver:-e'.ess.  although  the  estimates  of  the  probable  future  dispro- 
p.:r-..:-  *r.O'-l'i  «! ways,  for  the  reasons  given,  be  exceedingly  consena- 
-.  ■  *  -.  —  iV  -.r.  many  if  not  on  most  lines  be  determined  with  practical 
:t— -i  T.'.y  :.-.a:  i  certair.  minimum  disproportion  at  least  will  exist  for  the 
iriiit  ::  =•:  ij:e;ad.  which  is  as  long  (par.  78  et  seq.)  as  the  engineer  is 
±-i-:-i..y  Ti.rrar.:ed  in  looking  ahead. 

800.  I:  15  ::>  be  remembered  also  that  the  same  assumed  balance  of 
Z'^'-tri  m'^.-zzi  permits  the  grade  in  one  direction  to  be  made  higher  re- 
:-.re=  :..*  zn.it,  :r.  the  other  to  be  made  lower,  if  possible,  so  that  the 
iiii— pt.ir.  ::  a  certain  preponderance  of  traffic  in  one  direction  dr>es 
r:c  TirTiT.!  ar.y  relaxation  of  effort  to  obtain  low  grades,  but  merely 
^.Tis  .".  a.  '..VL.t  :::nerent  direction.  If  there  be  merely  a  probability  that 
-iJLt  "-ri±:  :r.  :ne  direction  will  be  slightly  heavier  than  in  the  other. 
ir.'.r.  i  z*:<yjz:\.\\  that  it  may  be  either  considerably  heavier  or  evenly 
:.^i_-  :e :  ir. :  t::e  same  expenditure  will  substitute  grades  of  0.65  one 
Tiv  i-  13-55  tr.e  other,  in  place  of  0.6  grades  both  ways,  it  is  good  en- 
^  r:^=^^*:  t:-  do  :h:s.  for  we  can  only  strike  an  average  between  the 
=:j_i  =j~  ar.i  :r.:r»:mum  possibilities  and  act  in  accordance  with  the 
zz'.jlt.  I:  .?  demonstrable  mathematically,  as  well  as  clear  to  the  reason, 
t.:^:  :-.  ?  ::  -n>e  :>  as  binding  upon  us  as  if  we  had  positive  knowledge 
:-i:  t  -r  -rtir.  :■:  ur  estimates  (if  they  really  are  such,  and  not  guesses! 
m  1^  ',.'.z  vA^  "t  tmtn. 

7.r'\:ri.7.:ical  cor.s.derations  often  make  it  impossible  to  even  at- 
ti—  .c  i  :j.!ir.:e  of  gradients,  at  least  in  the  way  of  favoring  the  heavi<^s\. 
:-^-:      I:  :?.  :. . -.veve:.  nearly  always  possible  to  favor  the  expense  ^'^' 

.'-.    -  f.ur.  c.vses.  somewiiat  at  least,  by  not  showing  unnecessii^^ 

SO",  y   :;  «iN  cX.LrsivELY  MINERAL  TRAFFIC  the  expediency  of  r 
.--.  -^  :.:i  ^T.i-.:>  :  »r  the  full  theoretical  difference  can  rarely  be  qui 
.:.  ■;.   -.   *  ■:•:"  ci-turse  for  this  traffic  that  the  greatest  difference 
'■:  A:  the  pre-^fnt  time  the  ratio  of  load  to  weight  of  car  is  ci 

*  -.  .^.tr  2  :v^  I.  >o  that  less  than  ^  of  the  weight  of  a  full  ti 

^    ■  ^  A".:   .nor  •   pAvinfr  load.      Consequently,   the  return  trains 
...->  •;  ^:-.  4e>>  than  ^  as  much  as  the  full  trains,  and  the  pr 
•  cT^.:e>  si'.ows  a  wide  contrast  in  them,  as  will  be  seei 
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802.  An  important  fact  to  remember  in  considering  an  almost  exclu- 
sively mineral  traffic  is  that  whatever  general  freight  business  there  may 
be  will  probably  be  against  the  main  traffic  almost  exclusively,  and  that 
the  consumption  of  supplies  per  inhabitant  is  large  in  mining  regions, 
and  almost  wholly  imported.  The  traffic  per  inhabitant  of  mining  re- 
gions, including  shipments  of  machinery,  etc.,  as  also  the  output  per 
miner  (about  4-  to  -x^  of  the  total  inhabitants),  may  be  readily  estimated 
by  a  little  investigation.  The  figures  vary  too  greatly  to  attempt  any 
general  anal3rsis. 

803.  For  general  freight  business  no  such  difference  as  with  mineral 
traffic  ever  exists,  but  something  closely  approaching  to  it  exists  at  times 
on  the  leading  East  and  West  trunk  lines,  on  which  the  normal  average 
is  only  from  3  to  4  tons  West  to  10  East.  It  is  probable  that  there 
vill  always  continue  to  be  a  heavy  preponderance  of  East-bound  traffic 
n  the  United  States,  although  whether  it  will  continue  to  be  as  heavy 
n  the  future  as  in  the  past  is  a  far  more  doubtful  matter.  The  propor- 
ion  of  export  traffic  will  become  relatively  less  as  the  population  of  this 
x>ntinent  increases,  and  this  traffic  has  now  a  great  influence  in  causing 
he  disproportion  of  traffic  which  at  present  exists.  If  the  East  were  to 
x>ntinue  to  be  the  manufacturing  region  par  excellence  this  loss  would 
jexompensated  for,  but  that  this  will  be  the  case  seems  very  doubtful. 

804.  An  enormous  West-bound  anthracite  coal-traffic,  moreover,  has 
iprung  up  within  the  last  few  years  which  is  reducing  and  will  still  more 
largely  reduce  the  existing  disproportion.  The  rise  and  growth  of  this 
traffic  is  a  good  illustration  of  the  great  changes  which  may  come  with 
time,  but  which  are  for  the  moment  not  considered.  It  is  the  chief  cause 
for  the  very  remarkable  reversal  of  the  current  of  local  traffic  shown  in 
Table  98. 

The  only  definite  fact  seems  to  be  that  the  burden  of  traffic  will  al- 
ways be  heavily  toward  a  manufacturing  or  mining  region  and  away 
rom  the  shippers  of  the  heavier  cereals.  Thus  it  is  about  three  to  one 
rom  West  to  East,  and  about  two  to  one  from  the  Northern  to  the 
Southern  States. 

805.  The  latter  fact  shows  that  it  is  not  safe  to  say  broadly  that  the 
>urden  of  traffic  is  from  an  agricultural  to  a  manufacturing  region ;  for 
he  South,  which  is  chiefly  agricultural,  ships  to  the  North,  as  yet,  much 
ess  in  weight  than  it  receives  ;  the  reason  being  that  its  exports  are 
argely  cotton,  and  that  the  current  of  its  commercial  business  follows  a 
icind  of  triangular  course — from  the  South  to  New  York  or  Europe, 
Lhence  to  the  interior  of  the  United   States,  and  thence  to  the   South 
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again.     But  the  rapid  development  of  the  mineral  resources  of  the  South 
is  bringing  about  a  change  in  this  respect. 

806.  The  possibility  of  some  such  roundabout  process  of  exchange 
as  this,  especially  on  a  small  scale,  is  one  which  must  be  very  frequently 
remembered  if  a  reasonable  estimate  of  probabilities   is   to  be  made. 
Thus,  when  the  Mexican  system  of  railways  was  projected  it  became  at 
once  important  and  difficult  to  determine  in  which  direction  would  be 
the  largest  freight  movement.     The  central  plateau  is  a  region  of  great 
and   largely  undeveloped   grazing  and  agricultural  possibilities,  but  on 
the  other  hand  is  a  great  and  largely  undeveloped  mining  region,  hav- 
ing no  workable  coal  as  yet  known.     Bearing  in  mind  the  character  of 
the  regions  of  the  United  States  to  the  north,  the  writer  concluded  that 
the  traffic  would  not  probably  be  very  unequal,  but  that  the  tonnage 
would  be  the  heaviest  northward.     This  expectation  has  not  yet  (1885) 
been  fulfilled,  but  the  direct  contrary   is  the  case,  the  preponderance 
being  very  heavily  into  the  City  of  Mexico,  and  largely  on  account  of 
the  triangular  process  of  exchange  referred  to.     The  products  exported 
are  on  the  coast  or  seek  the  coast,  and  thence  by  very  indirect  channels 
pay  for  the  shipments  (as  yet  small)  which  go  to  Mexico  in  return  by 
rail.     Whether  or  not  this  tendency  will  continue  is  doubtful.     Proba- 
bly it  will  not.  but  the   burden  of  traffic  will  be  out  of  Mexico  when  a 
fuller  development  has  come.     In  any  case  it  illustrates  the  necessity  of 
looking  beyond  the  superficial  and  immediate  possibilities,  and  reraem- 
berinj^'  that  great  changes  may  come  with  time. 

807.  For  passenger  service  grades  should  in  all  cases  be  equally 
balanced,  because  whether  passenger  cars  be  loaded  or  unloaded  makes 
but  an  inconsiderable  difference  (par.  606)  in  the  weight  of  trains,  even 
if  it  were  not  certain  that  passenger  travel  must  be,  in  the  long-run, 
equal  in  each  direction,  in  spite  of  a  temporary  preponderance  in  one 
direction,  due  to  emigration.  Therefore,  in  proportion  as  the  passen- 
i^crtratfic  is  a  larger  and  mineral  traffic  a  smaller  element,  and  in  pro- 
port  i(;n  as  the  prep(Miderance  of  freight  tonnage  is  doubtful,  the  expedi- 
cncv  of  seeking  uniform  grades  in  each  direction  increases. 

808.  It  follows  also,  that  when  an  unequal  freight  or  mineral  traffic 
exists.  coml)ined  with  a  considerable  passenger  traffic,  there  is  always  a 
certain  advantage,  and  hence  a  certain  justifiable  expenditure,  in  reduc- 
ing the  rate  of  grade  in  either  direction,  although  the  other  be  left  un- 
changed. The  passenger  service  is  always  t>enefited  by  reducing  the 
higher  rate  of  grade,  whichever  it  may  be  (provided  it  is,  for  i>assenger 
service,  a  de-facto  limiting  grade,  as  explained  in  par.  407);  and  after 
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this  has  been  done  there  is  a  certain  advantage  to  the  freight  traffic  only 
in  reducing  the  grades  against  the  heaviest  traffic.  The  admissible  ex- 
penditure for  doing  this  is  only  that  appertaining  to  the  particular 
traffic  benefited. 

809.  For  example,  suppose  the  grades  on  any  line  to  be  i.oo  and 
1.20  per  cent  (52.8  and  63  ft.  per  mile),  and  the  ratio  of  the  weight  of 
freight  in  each  direction  to  be  about  as  on  the  Pennsylvania  Railroads, 
viz;  as  i.o too.3: 

Per  cent 

Well-adjusted  grades  for  freight  service  would  be 

(Table  185) 0.6  and  1.2 

Well-adjusted  grades  for  passenger  service  would  be i.o  and  i.o 

We  can  properly  expend,  therefore,  to  reduce  the  grade  which  limits 
the  freight  traffic  (1.0  per  cent)  to  0.6  per  cent,  as  much  as  the  freight 
traffic  alone  justifies ;  and  to  reduce  the  grade  which  is  heaviest  for  pas- 
senger service  (1.2  per  cent)  to  1.0  per  cent  only  as  much  as  the  passen- 
ger service  alone  justifies,  which,  in  case  of  a  light  local  passenger  busi- 
ness, will  not  be  much  (par.  732). 

610.  Even  if  the  business  of  a  road  consists  of  three  distinct  classes 
of  traffic  passenger,  freight,  and  mineral,  each  one  of  which  would  re- 
quire a  different  balance  of  ruling  grades,  this  difference  need  introduce 
no  confusion  in  the  estimations  of  the  value  of  reducing  grades,  for  we 
have  only  to  determine  from  Table  185,  what  class  or  classes  of  traffic 
any  proposed  reduction  of  grade  will  be  valuable  or  worthless  to,  and 
the  justifiable  expenditure  to  reduce  it  may  be  determined  for  that 
traffic  only  by  the  methods  of  Chap.  XV..  par.  726  et  seq, 

811.  It  may  also  be  noted  that  a  mineral  traffic  should  in  general  be 
considered  simply  as  a  part  of  the  general  freight  traffic.     It  is  only 
under  peculiar  circumstances,  as  when  the  haul  is  short  or  the  mineral 
traffic  is  very  large,  that  they  should  be  separately  considered,  and  never 
when  their  separate  conduct  would  involve  a  large  wastage  of  motive- 
power  or  of  empty  car-mileage,  in  either  direction,  since  the  two  can 
always  be  combined  together,  light  freight  trains  being  filled  up  with 
coal  cars  or  vice  versd,  as  is  now  done  on  the  trunk  lines.     It  has  even 
come  about  that  empty  grain  cars  returning  West  are  filled  up  with  coal  so 
as  to  go  loaded  in  both  directions,  and  this  tendency  may  be  expected 
to  increase  or  prevail  whenever  it  will  save  a  considerable  movement  of 
cars  in  opposite  directions,  since  it  effects  a  very  large  economy. 

812t  A  heavy  tonnage  goes  into  all  cities,  since  they  consume  much 
and  produce  nothing  except  in  the  form  of  manufactures,  which  for  the 
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most  part  weigh  much  less  (although  they  pay  much  more)  than  the  raw 
materials  which  are  shipped  for  producing  them. 

813.  The  exact  balance  of  grades  for  the  traffic  becomes  easy  in  the 
case  of  a  line  already  in  operation,  and  this  should  be  the  first  step  in 
studying  contemplated  improvements,  since  it  may  save  the  necessity  of 
improving  the  grades  in  one  direction,  or  at  least  some  of  them. 

814.  The  lines  of  few  existing  railways  have  been  studied  during  construc- 
tion with  this  end  in  view.  Some  of  the  earlier  lines  come  the  nearest  to  it; 
for  example,  we  may  take  three  of  the  most  sagaciously  located  lines  in  the 
United  States — the  Baltimore  &  Ohio,  the  Pennsylvania,  and  the  Eric.  The 
Baltimore  tS:  Ohio  mountain  grades  have  been  laid  out  to  some  extent  with  this 
end  in  view,  since  they  have  2.2  per  cent  grades  (for  16  miles)  opposed  to  West- 
bound traffic  and  only  2.0  per  cent  opposed  to  East-bound,  but  this  difference  is 
tar  less  than  the  disproportion  in  traffic  would  warrant,  the  balance  for  2.0  per 
cent  with  a  disproportion  similar  to  that  of  the  Pennsylvania  road  (Table  185) 
hi'\n%  about  3.2  per  cent..  This,  however,  is  the  less  important  on  such  a  line, 
because  the  heavy  grades  are  so  long  that  the  trains  and  motive-power  can  be 
ada[)ted  quite  accurately  to  each  other,  as  they  are  in  fact,  on  each  separate 
grade.  Using  two  pushers  on  the  2.0  per  cent  grade,  and  only  one  on  the  2.2 
per  cent,  moreover,  would  about  equalize  them  for  such  a  disproportion. 
although  it  is  only  on  grades  of  some  length  that  two  pushers  can  be  advan- 
tageously  used.  The  gra<lients  of  the  Baltimore  &  Ohio,  considered  as  a  whole. 
are  admirably  adapted  for  cheap  working,  in  spite  of  their  heavy  rates,  from 
the  fact  that  they  are  all  "bunched"  in  one  locality.  At  Piedmont  is  one  of 
the  largest  yards  in  the  world,  and  all  trains  are  made  up  anew  there. 

815.  The  Pennsylvania  road  has  i  per  cent  grades  opposed  to  East-bound 
traffic.  The  weight  of  cars  and  freight  westward  being  by  Table  184  about 
I  to  0.4  in  the  neighborhood  of  Altoona.  a  correct  balance  of  grades  would  be 
by  Table  1^5  about  i  b  per  cent.  Actually  it  is  1.8  per  cent,  and  the  traffic  is 
worked  with  one  pusher  eastwa:d  and  two  pushers  westward. 

816.  The  Erie  is  at  two  or  three  of  its  leading  summits  a  good  instance  of 
well-balanced  grades,  which  is  not  the  least  of  the  striking  merits  of  the  line. 
P3ven  without  allowing  for  the  early  date  at  which  it  was  built,  the  consummate 
engineering  skill  with  which  it  was  carried  through  the  mountains  and  the  pri- 
meval forest,  without  the  aid  of  maps  and  without  a  single  tunnel  on  its  line  (as 
it  then  was;  one  has  since  been  built  at  Jersey  City),  with  very  low  grades,  and 
on  very  nearly  the  best  line  which  could  now  be  selected,  must  ever  excite  ad- 
miration. Nevertheless,  the  Erie  and  its  branches  afford  several  examples  of 
ill-adjusted  grades,  but  it  will  be  more  profitable,  as  well  as  more  just,  to  con- 
sider the  instances  on  its  main  line  where  they  have  been  carefully  adjusted. 

817.  The  Delaware  Division  ascends  eastward  out  of  the  Susquehanna 
Wilicv  on  a  6u-ft.  (1.14  per   cent)  grade   for  8  miles,   thence   descends  on  a 
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S7-ft.  (1.08)  and  49-ft.  (0.93)  grade  for  about  7  miles  to  Deposit,  and  thence 
follows  an  unbroken  descending  grade  of   10  to    15   ft.   per   mile   to    Port 
Jervis.     The  curvatare  probably  increases  the  equivalent  grade  to  about  0.35 
per  cent.     Now,  in  descending  eastwardly  from  the  summit  the  low  rate  at- 
tained is  attained  only  by  following  down  the  hill-side  at  an  elevation  of  40  or 
50  ft.  above  the  bottom  of  the  valley  for  nearly  the  whole  distance,  with  much 
cnrvatare — about  one  mile  more  of  distance  and  at  least  twice  the  cost  for  con- 
struction which  would  have  been  necessary  for  a  line  located  in  the  bottom  of 
the  valley  on  a  grade  of  1.2  or  1.3  per  cent.     It  would  have  been  most  natural, 
thereiore,  under  all  the  circumstances,  to  have  chosen  the  light  line;  but  let 
OS  consider  the  consequences  to  the  light  trains  returning.      As  the  grades 
are  now,  a  single  pusher  engine  will  just  suffice  to  pass  a  fully  loaded  west- 
bound train  over  the  hill,  the  balance  being  (Table  185)0.35  and  1.03.     Had 
the  grade  been  any  higher,  the  capacity  of  West-bound  engines  over  the  whole 
division  would  have  been  cut  down  in  proportion.     It  was  plainly  the  intent  of 
Lhe  engineer,  therefork, — for  it  is  but  just  to  give  him  credit  for  the  foresight 
which  his  work  indicates, — that  East-bound  trains  should  be  taken  to  the  sum- 
mit from  Susquehanna  as  a  separate  matter,  leaving  all  the  remainder  of  the 
division,  for  trains  in  both  directions,  exceedingly  favorable.     As  a  matter  of 
fact,  trains  are  taken  up  from  Susquehanna  with  two  pushers. 

818.  On  the  Eastern  Division,  at  Port  Jervis,  a  different  adjustment  has 
been  used,  the  grades  against  East- bound*  trains  being  46  ft.  and  against  West- 
bound 60  ft.,  which  is  approximately  a  correct  adjustment  for  enabling  trains 
with  pushers  to  run  over  the  hill  with  equal  loads  each  way.  The  remainder 
of  the  division  is  not  a  very  good  specimen  of  location.  Some  improvements 
in  recent  years  have  been  made  in  it,  but  it  is  questionable  if  a  radical  re- 
construction of  the  entire  division  would  not  prove  immensely  profitable.  On 
the  Buffalo  and  Western  divisions  also,  and  on  many  of  the  branches,  ruling 
grades  were  made  the  same  each  way  at  considerable  expense  without  any 
adequate  compensating  advantage. 

819t  Examples  of  badly  adjusted  grades  on  other  lines  might  be  multiplied 
almost  indefinitely,  but  it  would  be  to  little  purpose  to  do  so.  When  the 
grades  are  long,  considerable  leeway  in  rate  may  be  taken  by  assuming  that  the 
grade  will  be  separately  operated,  but  with  short  grades  of  4  to  6  or  7  miles  this 
is  not  expedient 


620  CHAP.  XVIII.^LIMJTJNG  CURVATURE, 


CHAPTER  XVIII. 

LIMITING   CURVATURE   AND   COMPENSATION   THEREFOR. 

820.  Under  three  different  conditions  curvature  may  come  in, 
in  advance  of  gradients,  as  a  limiting  agent  to  fix  the  weight  of 
trains: 

1.  When  curves  are  introduced  on  a  maximum  grade  without 
reducing  the  rate  of  the  latter  by  what  is  called  the  compensa- 
tion FOR  curvature,  SO  as  to  keep  the  aggregate  resistance  con- 
stant on  both  curves  and  tangents. 

2.  When  a  line  is  nearly  or  quite  level,  and  yet  runs  through 
a  region  requiring  much  curvature  which  (as  is  very  apt  to  hap- 
pen on  such  lines)  cannot  be  "compensated"  because  there  are 
no  grades,  or  no  sufficiently  high  grades  to  reduce,  in  order  to 
eliminate  their  additional  resistance. 

3.  When  on  lines  of  the  latter  (or  any  other)  class  curvature 
of  such  short  radius  is  used  as  to  limit  the  length  of  trains  more 
than  would  the  same  amount  of  curvature  with  longer  radii. 

These  causes  are  more  or  less  interrelated  with  each  other, 
but  we  will  consider  them  separately,  so  far  as  may  be,  in  the 
order  mentioned,  summarizing  our  conclusions  at  the  end  of  this 
chapter  (page  632). 

821.  We  have  seen  (par.  335)  that  curve  resistance  varies  from  less 
than  0.5  lb.  per  ton  to  perhaps  2.0  or  even  more  lbs.  per  ton  per  degree 
of  curve,  according  to  circumstances;  which  at  2  lbs.  per  ton  for  each 
tenth  of  grade  (par.  382)  is  equivalent  to  from  0.025  to  o.io  per  cent  of 
grade  per  degree.  Assuming,  therefore,  a  "straight"  (uncompensated) 
0.5  per  cent  grade,  Fig.  180.  with  alternate  equal  lengths  of  tangent  and 
10^  curves  succeeding  each  other,  and  assuming  that  the  curve  resistance 
is  (see  par.  834  below)  at  the  rate  of  i  lb.  per  ton,  the  effect  of  the  curve 
resistance  is  in  effect  to  double  the  grade  on  the  curves,  so  that  the 
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curves  and  grade  together  make  the  equivalent  grade  a  succession  of  i.o 
and  0.5  per  cent  grades,  as  represented  by  the  dotted  line  of  Fig.  180. 

Such  conditions  have  precisely  the  same  deleterious  effect,  no  more 
and  no  less,  that  a  long  tangent  grade-line  would  have  if  broken  up  in 
iimilar  fashion. 


.-<J-^ 


-«?'• 


Fig.  180.— Epfbct  op  Unrbducbd  Curvatukb  to  rbducb  Grades. 

822.  An  immense  portion  of  the  heavy  grade-mileage  of  the  world 
Has  been  constructed  in  precisely  this  way,  the  grade  being  carried 
through  at  a  uniform  rate  over  curves  and  tangents  alike.  Until  within 
recent  years  nearly  all  American  railways  were  so  constructed,  and  when 
the  curves  were  compensated  at  all,  low  rates  of  compensation  (0.02  and 
0.03  per  cent  per  degree)  were  and  still  are  chiefly  used,  for  which  indeed 
much  can  be  said  (par  834  below),  although  in  general  a  less  rate  than 
0.05  cannot  be  regarded  as  good  practice. 

823.  The  practice  of  reducing  grades  on  curves  appears  to  have  been 
first  introduced  on  the  Continent.  American  engineers  soon  followed. 
English  engineers  have  neglected  and  still  do  neglect  it  very  generally. 
In  no  part  of  the  world  is  it  universal,  many  prominent  roads  in  this 
country  having  neglected  it  wholly ;  as,  for  instance,  the  Erie,  Boston  & 
Albany,  Baltimore  &  Ohio  (for  the  most  part).  Pennsylvania  (for  the 
most  part),  and  in  recent  years  such  lines  as  the  Cincinnati  Southern, 
Chesapeake  &  Ohio,  most  of  the  Denver  &  Rio  Grande,  and  a  host  of 
other  lines. 

824.  The  argument  by  which  a  neglect  to  reduce  grades  on  curves 
has  been  justified,  when  any  attempt  at  all  has  been  made  to  justify  it,  is 
that  the  resistance  is  averaged  by  momentum  so  that  the  broken 
grade-line  of  Fig.  180  is  reduced  by  the  equalizing  effect  of  slight  fluctu- 
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ations  of  velocity  to  the  continuous  0.75  grade-line  shown  below  it.  The 
general  principle  upon  which  this  ai^ument  is  based  is  a  sound  one,  to 
the  extent  that  under  favorable  conditions  precisely  that  effect  may 
result,  either  on  actual  irregularities  of  grade,  or  on  equivalent  ones 
caused  by  unreduced  curvature.  It  is  not  true  at  all  that  any  injurious 
ctlect  upon  the  train,  or  any  increase  of  virtual  gradient,  necessarily  re- 
sults from  the  gradient  like  the  broken  line  in  Fig.  180  in  place  of  the 
straight  0.75  grades,  under  certain  and  proper  conditions.  Why  and  how 
this  is  so,  and  under  what  conditions,  has  been  so  fully  discerned  in 
Chap.  IX.  (par.  397  et  seq.)  that  it  need  not  be  repeated,  further  than  to 
say  that  a  curve  may  be  considered  as  adding  simply  so  much  to  the 
grade,  and  the  two  cases  be  treated  alike. 

825.  But  conditions  justifying  the  assumption  that  unreduced  curva- 
ture can  thus  be  made  harmless  by  the  effect  of  momentum  cannot  exist 
on  any  actual  maximum  grade,  unless  by  some  rare  accident,  and  conse- 
quently it  is  a  rule  which  should  be  regarded  as  of  universal  application, 
and  rigidly  adhered  to,  that  unreduced  curvature  should  under  no 
circumstances  be  permitted  on  the  maximum  grade,  and  that  the  reduc- 
tion should  in  general  be  ample,  especially  near  stations  and  where  there 
is  an  excessive  resistance.     The  reasons  for  this  are  three,  as  follows : 

I.  The  distribution  of  curvature  even  on  a  grade-line  only  a  few  miles 
long  naturally  tends  to  become  unequal.  Instead  of  being  equally  dis- 
tributed, as  assumed  for  merely  illustrative  puri>oses  in  Fig.  180.  it  is  far 
more  likely  to  be  concentrated  in  masses  of  perhaps  several  hundred 
degrees  of  almost  continuous  curvature,  with  long  intermediate  stretches 
of  much  better  alignment,  giving,  if  such  curvature  is  not  reduced,  an 
equivalent  profile  more  like  Fig.  185,  from  which  it  is  far  more  difficult 
to  obtain  a  straight  "  virtual  "  profile  (par.  398)  by  fluctuations  of  velocity 
than  with  a  more  even  distribution  of  curvature;  and  when  such  excess 
of  curvature  comes  well  up  toward  the  top  of  a  long  grade  it  becomes 
under  most  circumstances  practically  impossible  to  do  so. 

826.  2.  Even  if  the  curvature  be  tolerably  evenly  distributed,  the 
speed  on  maximum  grades  is,  with  the  full  train  which  good  operating 
management  presupposes,  necessarily  slow.  With  extra  heavy  car-loads 
or  in  unfavorable  weather — wet,  frosty,  misty,  very  cold,  or  windy — it  is 
necessarily  very  slow.  At  what  point  on  the  line  the  most  unfavorable 
conditions  will  be  encountered  (for  there  are  always  slight  variations, 
from  wiiui  or  differences  of  track  if  nothing  more)  cannot  be  exactly 
anticipated,  but  on  the  top  of  long  grades,  especially,  it  can  be  antici- 
pated with  confidence  that  a  very  slow  speed,  not  exceeding  10  or  12 
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miles  per  hour,  will  be  rather  the  rule  than  the  exception.  At  such 
speeds,  and  especially  at  still  lower  speeds,  there  is  every  reason  to  be- 
lieve that  the  curve  resistance  is  greater  (pars.  308,  335),  whil6  there  is 
no  available  momentum  to  overcome  it.  A  train  moving  at  10  miles 
per  hour  (Table  118)  has  only  3.55  ft.  of  "  velocity-head."  At  a  compen- 
sation of  0.05  per  degree  (i  lb.  per  ton)  70**  of  curvature  will  destroy  this 
head  completely,  since  at  that  rate  of  compensation  each  20''  of  central 
angle  destroys  one  foot  of  vertical  head.  In  other  words,  a  train  mov- 
ing at  10  miles  per  hour,  which  could  just  continue  that  speed  on  a 
tangent,  would  be  stalled  at  once  by  seven  stations  of  10°  curve,  or,  if  by 
good  luck  not  stalled,  its  speed  would  be  reduced  so  low  that  additional 
journal-friction  (par.  640  and  Appendix  B)  as  well  as  (probably)  addi- 
tional curve- friction  would  come  in  and  ensure  stalling  on  any  closely 
following  curve. 

827.  3.  Stopping  of  trains  on  grades  from  accident  or  otherwise  is  not 
unfrequently  necessary,  and  then  it  is  entirely  clear  that  a  stoppage  on  a 
long  unreduced  curve  is  a  disastrous  disadvantage,  especially  if  it  be  on 
a  long  succession  of  curves  so  as  to  forbid  the  expedient  of  backing  down 
off  the  curve  to  get  a  fair  start.  It  is  then  strictly  true  that  it  is  the 
grade  at  that  one  particular  point  which  is  the  limiting  gradient,  and 
that  we  cannot  strike  an  average  with  lower  tangent  grades  before  and 
behind,  and  assume  it  is  the  same  thing  as  if  we  actually  had  a  uniform 
average  resistance  at  all  points. 

828.  The  rule  that  a  grade-line  should  be  unbroken  by  unreduced 
curvature  is  still  sound,  in  spite  of  the  fact  that  there  are  certain  circum- 
stances under  which  slight  and  short  sags  below  the  grade-line  may 
be  introduced  to  save  expense  of  construction,  especially  where  economy 
in  first  cost  is  a  great  object,  as  it  is  so  much  more  often  than  is  realized 
during  the  period  of  construction.  A  sag  below  a  grade-line  and  a  rise 
above  it — ^which  is  what  an  uncompensated  curve  in  effect  introduces — 
are  two  entirely  different  matters. 

Thus,  if  we  have  a  1.25  per  cent 
maximum  grade,  up  which  a  train 
can  just  make  its  way  at  a  uniform 
speed  of  10  miles  per  hour,  a  rise  of 
3.55  feet  above  the  grade-line  will,  as 
we  have  just  seen,  stall  the  train.  On 
the  other  hand,  a  sag  in  a  grade-line  p,c.  ,81. 

of  an  equal  amount,  as  at  C  in  the 
grade-line  AB,  Fig.  181,  not  only  does  not  endanger  a  stall,  but  actually 
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increases  the  velocity  of  passing  from  A  to  B.     For  by  assumption  we 
have  at 

A,  velocity  of  ten  miles  per  hour  =  (Table  ii8)  vel.  head  of  3.55  ft. 

B,  "  "   .  "         =  "  "  3.55  ft. 


C  vel.  head  of  3.55  +  3.55  =  7.10  ft.  =  (Table  118)  a  velocity  of  14.14 
miles  per  hour. 

829t  Then  by  the  laws  of  accelerated  and  retarded  motion  (see  par. 
371  or  any  text-book  on  physics)  the  average  speed  between  ^  and  C 


and  C  and  B  as  well,  and  hence  between  A  and  B  = 


10.00  X  14.14 


=  12.07 


Fig.  183. 


miles  per  hour — a  gain  in  average  speed  of  2.07  miles  per  hour,  or  about 
3  ft.  per  second  in  passing  over  the  sag  shown  in  Fig.  181,  the  compara- 
tive times  being  about  2  m.  o  sec.  and  i  m.  40  sec. 

This  gain  of  time  is  for  the  same  reason  that  a  body  descending  from 
A  to  B,  Fig.  182,  over  the  different  paths  a,  b,  c,  d,  although  acted  on  by 

the  same  force  (gravity  acting  through 
CB),  takes  a  very  diflferent  time  for  de- 
scending to  B,  the  cycloid  d  being  the 
"curve  of  quickest  descent."  The  re- 
sulting velocity  at  B  is  in  all  cases  the 
same,  barring  loss  by  friction,  but  the 
time  consumed  in  reaching  B  is  widely 
different. 

830.  Therefore,  while  compensation  for  curvature  should  never  be 
omitted,  it  may  still  be  admissible,  in  certain  exceptional  cases  (as  to 

temporarily  save  large 
fills  or  otherwise  reduce 
works),  to  introduce  a 
sag  below  a  grade-line, 
which  is  never  the  case 
with  a  rise  above  a  grade  • 
line.  Thus  the  dotted 
profile,  bbdb.  Fig.  183,  can 
certainly  be  operated  un- 
der any  and  all  circum- 
stances (if  the  sag  be  not 
too  great,  par.  435  and 
Table  121)  as  a  virtual  grade  of  the  same  rate  as  the  average  actual 
j^^rade ;  but  with  the  grade-line  aaaa  this  is  not  possible,  unless  the  initial 
speed  be  very  high  or  the  points  aa  rise  but  little  above  the  average 
fjrade-line. 


Pio.  183. 
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»  The  principle  is  the  same  as  the  one  so  familiar  to  hydraulic  engineers 
as  the  '*  hydraulic  grade-line."  If  water  is  to  be  conveyed  from  a  high 
»ir  to  a  lower  point  of  delivery,  it  is  an  axiom  in  hydraulics  that  any  lib- 
whatever  can  be  taken  with  the  grade  of  the  pipes  without  affecting  the 
ge  in  the  least,  more  than  the  same  increase  of  length  and  curvature 
do  in  a  pipe  laid  to  a  uniform  grade,  provided  the  pipe  at  no  point  rises 
a  straight  line  connecting  the  points  of  supply  and  delivery,  which  is 
as  the  ** hydraulic  grade-line,"  as  on  the  line  bbbb.  Fig.  183.  If,  how- 
he  pipe  rises  above  this  line,  by  however  little,  as  at  the  highest  a,  Fig. 
e  discharge  will  immediately  be  reduced  to  correspond  with  the  new 
lie  grade-line  passing  through  the  point  of  supply  and  tangent  to  the  now 
:  point  on  the  pipe. 

theory  a  lo-mile  grade  of  50  ft.  per  mile  might  be  broken  up  into  (i)  5 
>f  level  and  (2)  5  miles  of  100  ft.  per  mile,  without  increasing  the  de-facto 
grade  above  50  ft.  per  mile ;  but  we  cannot  reverse  the  orders  of  these 
ats,  making  the  first  last  and  the  last  first,  without  a  theoretical  as  well  as 
al  increase  of  the  gradient  to  100  ft.  per  mile.  Even  in  the  former  case, 
ocity  at  the  end  of  the  first  five  miles  of  level  would  have  to  be  Byf  miles 
ur,  assuming  an  initial  velocity  of  15  miles  per  hour.  This  is  hardly  a 
able  speed  for  freight  trains ;  and  it  therefore  should  not  be  understood 
ly  considerable  sags  below  a  grade-line  are  admissible.  The  only  asser- 
lade  is  that,  assuming  such  speed  to  be  practicable,  even  250-ft.  sags 
a  grade-line  would  do  no  harm,  whereas  any  rise  whatever  above  it 
destroy  it,  theoretically  as  well  as  practically. 


Fig.  184. 


2.  A  remarkable  instance  of  the  advantage  thus  to  be  gained  at 
occurred  in  the  writer's  practice,  and  is  shown  in  Fig.  184.  Near 
40 


626  CHAP.   XVIII,— LIMITING  CURVATURE, 


the  middle  of  a  long  grade-line  which  it  was  very  desirable  to  keep  down 
to  the  lowest  limits,  occurred  a  saddle  between  two  hills,  where  support- 
ing ground  was  wholly  lost.  Consequently,  although  there  was  no  ma- 
terial difference  in  the  profile  at  any  other  point,  both  being  side-hill,  at 
this  point  any  lift  of  the  grade-line  meant  so  niuch  addition  to  the  fill. 
To  bring  the  grade-line  down  to  within  a  few  feet  of  the  surface  meant 
an  increase  of  the  pusher  grade  from  1.15  to  1.25,  equivalent  to  an  increase 
of  ruling  grade  on  a  long  d'vi^'on  from  0.4  to  0.5.  To  obtain  the  lower 
grade  required  a  very  long  fill,  containing  some  190,000  cubic  yards  when 
fully  made  (estimated  to  cost  20  cts.  per  yard);  but  by  introducing  a  sag  in 
the  grade-line  of  some  25  feet  (shown  by  dotted  lines  on  Fig.  184),  as- 
sumed as  about  the  extreme  depth  of  sag  which  it  would  be  proper  to  at- 
tempt to  operate  as  a  continuous  virtual  profile,  even  temporarily,*  the 
fill  could  be  reduced  to  some  30,000  cubic  yards,  leaving  the  track  to  be 
gradually  raised  up  to  the  straight  grade-line  when  and  if  necessity 
should  appear  and  convenience  serve.  To  make  the  fill  in  the  beginning 
was  not  justified  by  the  financial  status  of  the  company,  nor  by  the  time 
at  its  disposal,  nor  could  material  be  obtained  at  reasonable  cost  except 
by  train. 

833.  There  were  then  three  possibilities,  besides  that  of  making  the 
fill  complete  : 

1.  That  the  grade  would  continue  to  be  operated  indefinitely  as  a  vir- 
tual strajt^ht  grade  by  the  aid  of  momentum,  tolerating  the  necessary 
velocity  of  30^  miles  per  hour  in  the  bottom  of  the  sag. 

2.  That  the  fill  would  be  raised  somewhat  from  time  to  time,  so  as  to 
reduce  the  necessary  fluctuation  of  velocity  to  less  objectionable  limits. 

3.  That  the  traflic  of  the  line  would  prove  so  thin  (it  was  very  doubt* 
ful)  that  the  trains  would  for  the  most  part  be  light  and  the  necessity  for 
either  expedient  not  be  great. 

In  this  way  it  was  pc^ssible  to  have  one's  cake  and  eat  it  too;  to  econ- 
omize as  much  as  was  otherwise  possible  against  the  contingency  of 
future  poverty,  and  to  lose  nothing  (but  rather  gain  the  interest  on  the 
cost  of  the  fill)  in  case  the  future  should  prove  prosperous;  for  at  the 
worst  the  1.15  line  could  certainly  be  operated  as  a  virtual  1.25. 

So  pronounced  an  instance  of  the  legitimate  use  of  sags  in  grade-lines 
will  rarely  occur,  but  the  same  principle  may  be  availed  of  often  on  a 


"^  Vt'locity-hcad  due  to  speed  of  15  miles  per  hour  (Table  118) 7.99  ft. 

Add  iox  depth  of  sa^  below  virtual  profile 25.00  ** 


V^elocity-head  in  bottom  of  sag  (giving  speed  of  30I  miles  per  hour),  32.99  ft 
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smaller  scale,  if  only  to  introduce  a  little  extra  compensation  in  a  long 
curve  on  a  high  fill,  returning  to  the  original  grade-line  by  a  slightly 
steeper  grade  beyond. 

834.  It  will  naturally  follow  from  what  has  preceded  that  the  proper 

RATE  OF   COMPENSATION    IS   NOT  A  FIXED  QUANTITY,  but    may  under 

varying  circumstances  vary  within  somewhat  wide  limits.  The  more 
usual  rates  are  from  0.03  to  0.05  per  cent  per  degree  of  curvature,  corre- 
sponding to  a6  to  i.o  lbs.  per  ton  per  degree.  If  the  precise  amount  of 
curve  resistance  were  known,  and  if  it  were  always  the  same,  of  course 
but  one  rate  of  compensation  would  be  proper,  but  as  its  precise  rate  is 
not  known,  and  as  there  is  strong  reason  to  believe  (Appendix  A)  that 
in  starting  a  train  it  may  possibly  amount  to  as  much  as  2.0  lbs.  per  ton, 
a  compensation  sufficient  to  equalize  curve  resistance  in  ordinary  circum- 
stances cannot  be  assumed  to  be  certainly  sufficient  at  points  where 
speed  may  be  expected  to  be  very  slow,  as  toward  the  top  of  long  grades 
and  occasionally  at  other  points. 

839t  Under  these  circumstances,  prudence  would  indicate  that  wher- 
ever there  is  NO  physical  limit  to  the  possible  reduction  of  grade  on 
curves,  it  should  be  made  ample,  so  that  the  curves  should  certainly  offer 
no  greater  resistance  than  the  adjacent  tangents.  At  stations  this  rule 
would  require  a  grade  reduction  of  o.  i  per  cent  per  degree. 

On  the  other  hand,  when  we  are  merely  trying  to  equalize  the  tangent 
and  curve  resistance  on  a  long  ascent ;  and  whatever  is  taken  off  the 
curves  must  be  added  on  to  the  tangents  and  vice  versa,  no  such  practice 
is  proper.  A  chain  is  only  equal  to  the  strength  of  its  weakest  link,  and 
it  avails  little  to  know  which  is  the  weakest  link  if  we  cannot  strengthen 
it.  If  we  come  as  near  to  an  exact  equality  as  we  can,  in  compensating 
for  curvature,  it  is  of  no  importance  whether  our  compensation  is  a  little 
too  great  or  a  little  too  small.  In  the  one  case  trains  will  stall  on  the 
tangents  and  in  the  other  on  the  curves— that  is  all.  Our  object  is  simply 
to  guard  against  a  certainty  of  stalling  on  either.  Nothing  more  than 
this  is  important. 

836.  Hence  it  may  well  be  that  on  a  long  and  crooked  ascent,  where 
the  curvature  greatly  exceeds  the  tangents,  yet  where  there  are  one  or 
two  considerable  tangents,  prudence  will  require  the  assumption  of  a  very 
low  rate  of  compensation  ;  for  otherwise  a  very  slight  loss  of  elevation 
on  each  curve,  multiplied  by  many  curves,  will  prevent  our  attaining  the 
desired  summit  at  all  without  a  considerable  increase  of  the  normal  tan- 
gent grade.  If  we  have  guessed  aright  as  to  the  real  curve  resistance, 
this  may  do  no  harm:  but  on  the  other  hand,  if  we  have  guessed  wrongly. 
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and  exaggerated  the  probable  curve  resistance,  we  shall  have  unneces- 
sarily increased  our  tangent  grade.  Hence,  by  assuming  a  low  rate  of 
curve  resistance  in  such  a  case,  we  can  hardly  in  any  case  lose  anything 
appreciable,  and  may  save  a  needless  loss  of  grade.  A  compensation 
rate  of  0.03  per  degree  of  curvature  may  then  be  proper,  below  which  the 
rate  of  compensation  should  never  fall. 

837.  For  the  same  reasons,  it  may  well  happen  that  at  different  points 
on  the  same  line  different  rates  of  compensation  may  be  proper.  Where 
the  loss  of  elevation  by  a  high  rate  of  compensation  is  a  very  serious  mat- 
ter, because  of  a  great  amount  of  curvature,  it  may  be  taken  at  a  mini- 
mum. At  other  points,  where  there  is  less  curvature  to  be  compensated 
and  a  higher  compensation  can  be  had  at  little  or  no  cost,  it  should  there 
be  used.  The  effect  will  be  to  make  most  of  the  maximum  g^ade  scat- 
tered over  the  division  a  little  easier  to  handle  trains  on  than  the  longest 
or  worst  grade.  This  may  well  result  in  handling  a  car  or  two  more  than 
would  be  deemed  possible  were  the  resistance  as  great  at  two  or  three 
points  as  it  is  at  one. 

It  has  been  elsewhere  said  (see  Table  124)  that  it  is  always  worth  while 
to  keep  a  little  below  the  maximum  where  possible,  at  moderate  cost. 
This  is  only  another  application  of  the  same  principle,  but,  owing  to  the 
uncertainty  which  hangs  about  the  question  of  curve  resistance,  it  is  a 
wiser  way  of  attaining  the  same  end  than  to  reduce  the  nominal  tangent 
grade,  especially  in  the  vicinity  of  stations. 

838.  To  illustrate  the  importance  of  sometimes  varying  the  rate  of 
compensation  to  suit  circumstances,  assume  a  1.5  percent  average  grade. 
Fig.  185,  nearly  ten  miles  long  (500  stations — ^taking  a  "  mile"  at  $000  ft 
for  convenience  of  computation),  subdivided  as  follows  in  respect  U> 
amount  of  curvature  : 

Tn'h  \  '5^  stations  with  about  50®  per  mile  =  continuous  i*  curve 

^op,   •  •  •    )         (with  }  of  the  line  tangent). 

C  100  stations  with  about  300*  per  mile=  "  6*      " 

Middle,  .  .  «?  100        "  "         "       400*    ..       «      ..  «  8*       - 

(  (with  \  of  the  line  tangent). 

r  rr,  ^  3  '50  stations  with  about  So**  per  mile  =  "  i^*    •' 

^-^^^'  •  •  \         (with  \  of  the  line  tangent) 

Assume  also  a  stopping- place  near  B;  at  the  foot  of  the  grade,  so  that 
no  assistance  from  velocity  can  be  counted  on ' 

This  is  in  no  respect  an  unreasonably  or  improbably  irregular  distri- 
bution of  curvature  on  such  a  line,  nor  an  unusually  large  amount  of 
curvature  for  a  cheap  line  in  rough  country.  In  all  there  will  be  150'  + 
600° +  800° +  225°=  1 77 s**  of  curvature  on  the  ascent. 
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At  various  rates  of  compensation  for  curvature  the  grades  required 
on  tangents  for  various  rates  of  compensatioa  would  be  as.  follows,  as 
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Pic.  185. 

the  student  will  do  well  to  determine  for  himself  by  a  brief  compu- 
tation :  ♦ 

At  0.03^  per  degree,  1.50  +  .1065  =  1.6065  per  cent. 
"  0.05     ••        ••        1.50 4-. I77S  = '-6775    " 
"  o.io     *•        "        1.50 4-. 3S5   =1-855     " 


839.  If  the  topography  were  such  that  we  had  just  500  stations  in 
which  to  rise  750  feet,  this  would  mean,  if  we  adopted  a  compensation 
of  o.io  per  degree  instead  of  0.03,  that  our  tangent  grade  (which  would 
then  certainly  be  the  governing  one.  because  we  have  adopted  a  compen- 
sation which  will  CERTAINLY  bring  the  resistance  on  curves  below  that 
on  tangents)  will  be  greater  by  0.25  per  cent,  or  5  lbs.  per  ton.  than  with 
the  lower  rate  of  compensation.  In  other  words,  in  order  to  secure  the 
wholly,  or  almost  wholly,  worthless  end  that  trains,  when  and  if  they 
stall,  shall  stall  always  On  tangents  and  never  on  curves,  we  have  greatly 
increased  the  chances  of  their  stalling  on  tangents,  on  the  top  or  bottom 
sections  of  the  grades  at  least,  where  the  tangents  are  the  longest; — 
a  plain  act  of  folly. 

840.  But  this  is  but  one  side  of  the  question.  The  total  rise  in  feet 
and  the  elevation  of  intermediate  points  would,  under  the  various  as- 

*  Knowing  approximately  the  total  degrees  of  central  angle  on  any  grade, 
we  have  only  to  multiply  the  total  by  the  assumed  rate  of  compensation  to  find 
how  much  total  elevation  will  be  lost  by  the  compensation.  The  elevation, 
divided  by  the  length  of  the  grade,  will  give  the  rate  by  which  the  tangent 
maximum  must  be  increased  to  introduce  the  compensation. 


\ 
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sumed  rates  of  compensation,  have  to  be  as  shown  in  Table  186;  and  it 
wiP  be  seen  that  the  middle  point  c  of  the  entire  grade  comes  at  about 
the  same  elevation  with  either  rate  of  compensation,  but  that  there  is  a 
material  difference  in  the  height  of  the  grade-line  at  the  beginning  and 
end  of  the  middle  sections  C  and  D,  or  at  the  "  quarter  points"  of  the 
grade.  While  the  through  uncompensated  grade-line  falls  as  shown  by 
the  dotted  line,  the  effect  of  introducing  the  curve  compensation,  by 
whatever  rate,  is  to  give  a  profile  like  the  solid  line,  the  point  C  being 
from  I  li  to  38  feet. higher  than  before,  and  the  point  D  from  9  to  31  feet 
lower,  according  to  the  rate  of  compensation. 


Table  186. 

Illustrating  the  Effect  of  Different  Rates  of  Curve  Compensation 
TO  Modify  the  Elevation  of  Intermediate  Points  on  Long  Grade- 
Lines. 

[Based  on  the  data  of  par.  838  and  Fig.  185.] 


(Foot  of 

Grade.) 

B 

C 

c 

D  

^(summit). 


1-5 
Straifi^ht. 
No  compensa- 
tion. 

Eleva-  \ 
lion, 
o. 


1.6065 
Tangent  Grade. 
.03  compensation. 


Rise. 

•  •  •  • 

225 
150 
150 
225 


"5- 
375- 
525- 
750- 


Rise. 

236.48 
142.65 
136.65 
234.22 


Eleva- 
tion. 
0.00 

236.48 

379-^3 
515.78 
750. 


Tangent  Grade. 
.05  compensation. 


Rise. 

344. la 

"3775 
137.75 

340.38 


Eleva- 
tion. 
0.00 

344.13 

381.87 

509.69 

750. 


Tangent  Grade. 
.  10  compentation. 


Rise. 

263.35 
X35.50 
105.50 
•55 -75 


Eleva- 
tion, 
o  00 

363.35 

3M-75 
494  M 
750- 


Difference  in  Resulting  Elevations  at  Various  Points  on  the  Gradt^  from  the 

Straight  Tangent  Grade, 


B  (foot  of  grade) 

C 

c. 

D 

E  (summit) 


Constant 

11.48  ft.  higher 

i4i3"        " 
I  g.22  "    lower. 

Constant 


19.13  ft.  higher 
6.87" 
15.38  **    lower.. 

» 


38.35  ft.  higher. 
|i3.75"        »• 
130.76  **    Ipwer. 


Topographical  conditions  will  sometimes  permit,  but  will  more 
usually  forbid  assummg  that  we  have  such  leeway  in  the  necessary  posi- 
tion of  the  grade,  thus  depriving  us  in  a  measure  of  the  privilege  of  free 
choice. 

841.  Now  suppose,  on  such  a  grade,  that  the  middle  aoo  stations  or 
about  4  miles,  on  which  most  of  the  curvature  is  bunched,  was  so  situ- 
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ated  as  to  make  it  essential  to  rise  only  some  230  feet,  unless  consider- 
able extra  expense  were  to  be  incurred,  while  at  the  same  time  the 
character  of  the  line  elsewhere  was  not  such  as  to  admit  of  a  lower 
maximum  tangent  grade.  Under  these  circumstances,  which  may  fre- 
quently occur,  it  would  be  a  great  error  not  to  reduce  grade  on  curves  by 
dhe  full  amount  which  the  topographical  conditions  made  possible  with- 
>ut  loss  up  to  even  0.10  per  cent  per  degree  of  curve,  in  the  existing 
state  of  our  knowledge,  even  if  at  other  points  we  used  less.  In  that 
:ase,  if  we  have  overestimated  the  probable  or  possible  resistance  on 
nirves,  it  is  not  likely  to  do  harm,  because  the  large  amount  of  curva- 
Lure  and  small  amount  of  tangents  wilj  enable  any  excess  of  resistance 
in  the  latter  to  be  equalized  by  momentum,  whereas  if  we  have  under- 
estimated the  curve  resistance  a  similar  effect  is  not  possible,  or  at  least 
not  as  fully  possible,  on  account  of  the  greater  length  of  curves. 

On  the  upper  and  lower  sections,  where  tangents  prevail  and  curves 
are  the  exception,  the  opposite  principle  prevails.  If  the  curve  compen- 
sation be  too  little  it  will  be  equalized  easily  enough  by  momentum  on 
short  and  infrequent  curves,  so  that  the  result  will  be  the  same  in  effect 
as  if  the  balance  were  exact. 

842.  Under  the  circumstances  of  the  example  just  considered,  as- 
suming the  middle  part  of  the  grade  to  be  fixed  as  just  assumed,  the 
proper  course  to  pursue  with  the  lower  part  of  the  grade  would  be  to 
ease  its  rate  a  little,  if  circumstances  permitted  doing  so  at  little  or  no 
ucpense;  otherwise,  to  reduce  its  virtual  rate  by  the  simple  expedient 
^f  removing  the  stopping  point  at  the  foot  of  the  grade  some  distance 
from  it,  so  as  to  ensure  gaining  something  by  momentum.  A  speed  of 
25  miles  per  hour  at  the  foot  of  the  grade  reduced  to  10  miles  per  hour 
It  Cwill  (Table  118)  ensure  a  gain  from  surrendered  energy  of  22.20  — 
3.55  =  18.65  vertical  feet  (see  Fig.  185),  which  will  reduce  the  grade  on 

the  first  150  stations  by  — —  =0.124  per  cent,  and  so  secure  an  equality 

with  the  virtual  grade  of  the  next  section  above,  even  with  the  lowest 
possible  rate  of  curve  resistance.  The  curve  compensation  on  this  lower 
section  should  in  any  case  be  small,  whatever  it  may  be  on  the  middle 
section  just  above. 

843.  On  the  upper  section  DE,  assuming  the  lower  and  middle  sec- 
tion to  have  been  fixed  as  above,  an  effort  will  naturally  be  made  to 
lengthen  the  line  a  little  at  the  upper  end  at  the  expense  of  a  moderate 
amount  of  distance  and  curvature,  so  as  to  give  a  gradient  DF  instead 
of  DE,  Fig.  185  ;  but  if  this  be  not  possible,  the  disadvantage  will  not  be 
very  serious.    Our  case  will  be  this :   By  virtue  of  an  excess  in  rate  of 
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curve  compensation  we  have  the  broken  virtual  gradient  ACDE  in- 
stead of  the  straight  grade  BE,  which  is  of  course  preferable.  The  dis- 
advantage at  the  lower  end,  which  would  naturally  be  the  most  serious 
(par.  828),  since  it  carries  our  virtual  gradient  above  the  grade-line  BE^ 
which  we  desire,  we  have  neutralized  by  momentum.*  The  disadvan- 
tage at  the  upper  end,  since  it  merely  carries  our  profile  a  little  below 
the  grade-line,  will  in  great  measure,  if  not  entirely,  neutralize  itself  by 
momentum. 

In  this  way  we  have  done  the  best  which  can  be  done  to  avail  ourselves 
of  every  chance  in  our  favor,  whereas  by  assuming  any  hard-and-fast  rule 
whatever,  and  then  following  it  blindly  (as  we  might  be  justified  in  doing 
if  we  knew  it  was  correct),  we  are  certain  to  lose  something,  and  may  lose 
a  good  deal. 

844.  Our  practical  conclusions  as  to  rate  of  curve  compensa- 
tion, therefore,  may  be  summarized  as  follows: 

*  I.  With  short  grades  or  under  favoring  topographical  condi- 
tions compensate  as  liberally  as  possible  up  to  a  maximum  at 
special  points  of  o.  10  per  cent  per  degree. 

2.  Where  speed  may  sometimes  be  very  low,  and  hence  in- 
variably on  or  very  near  to  known  stopping-places,  this  maxi- 
mum rate  appears,  with  our  present  knowledge,  none  too  much. 
In  general,  however,  0.05  per  cent  per  degree  (=  i  lb.  per  ton) 
is  an  ample  equivalent  for  curve  resistance,  and  for  fast  trains 
alone  probably  0.02  to  0.03  per  cent  (=  0.4  to  0.6  lb.  per  ton) 
is  sufficient  to  balance  the  resistance. 

3.  On  sections  where  curves  largely  predominate  over  tan- 
events  it  is  particularly  desirable  to  have  ample  compensation,  and 
if  excessive  it  will  do  least  harm.      On  the  contrary, 

4.  On  sections  where  the  amount  of  curvature  is  small  it  is  less 
important  to  have  full  compensation,  and  if  excessive  it  wiM  do 
most  harm. 

5.  When  the  rate  of  compensation  can  only  be  increased  at  the 
CKRTAIN  cost  of  a  correspondiuQ^  increase  in  the  rate  of  tangent 
i^radcs  (making  very  sure  that  it  is  certain,  and  not  an  over-hasty 


*  The  word  *  momentum"  here  and  elsewhere  is  used  in  a  somewhat  un- 
scieniific  way,  to  correspond  with  the  popular  use  of  the  word.  The  scientist 
will  not  be  confused  thereby,  while  the  average  reader  is  assisted. 
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conclusion  from  inexperience  or  lack  of  care),  no  larger  rate  than 
we  feel  practically  certain  will  be  required  to  balance  the  Curve 
resistance  (0.03  to  0.04)  should  be  chosen.         ^ 

Otherwise,  we  are  committing  the  folly  of  making  a  certain 
addition  to  the  grade  in  one  place,  to  avoid  one  in  another  place 
which  is  merely  problematical. 

6.  On  any  minor  gradients  where  the  curvature  is  not  suffi- 
cient to  bring  the  virtual  profile  up  to  the  maximum  it  is  not 
important  to  compensate  for  curvature  at  all,  although  it  is  gen- 
erally as  well  to  do  so,  especially  at  points  where  to  do  so  will 
slightly  reduce  the  cost  of  construction,  as  is  very  apt  to  be  the 
case  on  long  curves. 

WHen  not  compensated,  the  curvature  merely  has  an  equiva- 
lent effect  to  a  slight  undulation  of  gradient  (Class  A  of  ^rise  and 
fall,  par.  438)  which  produces  no  shock  to  the  train  and  so  is 
not  a  measurable  disadvantage. 

7.  It  is  not  in  the  least  essential  or  important  to  precisely 
adapt  the  compensation  to  the  exact  length  of  each  curve.  The 
reduced  rate  may  as  well  as  not  begin  and  end  at  the  nearest  even 
station,  and  may  be  made  a  little  less  on  one  curve  and  a  little 
more  on  one  immediately  above  if  a  horizontal  slice  of  a  foot  or 
more  may  thereby  be  taken  off  a  high  fill  on  the  tangent  connect- 
ing them,  but  never  so  as  to  cause  the  grade  to  rise  above  the  uniform 
grade-line. 

8.  Curves  immediately  below  a  known  stopping-place  for  all 
trains  need  not  and  should  not  be  compensated  at  all. 

9.  The  rate  of  compensation  should  be  uniform  per  degree 
for  all  degrees  of  curvature,  or  in  no  case  made  greater  for  the 
sharper  curves.  It  may  even  be  made  less  for  curves  of  over  10° 
[par.  335  (9)].  If  the  rate  be  reduced  one  half  for  the  excess 
over  10°,  making  the  compensation  for  a  16°  curve  thirteen  times 
that  for  a  1°  curve,  it  will  certainly  lead  to  no  bad  results,  although 

a  rather  rough  rule. 

This  is  directly  contrary  to  the  usual  practice,  which  is  to  increase  the  rate 
of  compensation  with  the  sharpness  of  the  curve,  if  anything;  but  this  oractice 
rests  upon  the  assumption  which  we  have  seen  to  be  the  direct  contrary  of  the 
truth  (par.  321  et  a/.),  that  the  curve  resistance  increases  with  the  degree  of  the 
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CHAPTER  XIX. 

THE   LIMIT   OF    MAXIMUM   CURVATURE. 

845.  Although  badly  adjusted  grades  have  a  more  senous 
effect  on  operating  expenses,  there  is  no  detail  connected  with 
location  which  has  so  great  an  effect  on  the  cost  of  construction 
as  that  which  we  are  about  to  consider — nor  any  in  which  the  ten- 
dency is  so  notable  to  go  to  one  extreme  or  the  other,  without 
any  very  definite  or  defensible  reasons.  It  is  evident  that,  while 
circumstances  will  often  justify  and  require  the  use  of  very  sharp 
curvature  or  of  very  easy  curvature,  they  will  in  no  case  either 
justify  or  require  that  conclusions  should  be  jumped  at  in  some 
such  manner  as  that  sketched  in  par.  245. 

846.  Moreover,  it  may  be  again  repeated,  and  cannot  be  too 
fully  recognized  and  clearly  borne  in  mind,  that  both  the  amount 
and  radius  of  curvature,  like  the  amount  and  rate  of  grades,  is 
even  more  dependent  upon  study,  care,  and  skill  than  on  topog- 
raphy. There  exists,  too,  a  most  dangerous  tendency  to  use 
more  and  sharper  curvature  than  is  at  all  necessary  in  country 
of  some  difficulty,  and  less  and  easier  curvature  than  is  at  all 
expedient  in  country  of  no  difficulty,  or  in  country  whose  only 
difficulty  comes  from  trying  to  hold  close  to  an  air-line  (Chap. 
XX.).  Errors  of  this  kind,  resulting  merely  from  lack  of  care 
or  skill,  are  especially  apt  to  lead  to  the  use  of  absurdly  sharp 
curvature  if  one  has  imbibed  the  notion  that  easy  radii  are  unim- 
portant. 

847.  Recognizing  these  dangers,  we  proceed  to  analyze,  as 
nearly  as  may  be,  the  causes  which  fix  the  advisable  limit  of 
maximum  curvature  and  the  cost  of  exceeding  it.  We  have 
seen  (par.  343)  that  these  causes  may  all  be  separated  under  the 
two  following  heads,  sharply  defined  from  each  other: 
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First.  The  inherently  greater  cosTLiHESSy  no/ 0/ curvature 
measured  by  degrees^  but  of  sharp  CURVATURE  instead  of  easy 
CURVATURE /ij7r  approximately  the  same  number  of  degrees.  In  other 
words,  the  greater  wear  and  tear  of  track  and  rolling-stock,  con- 
sumption of  fuel,  danger  of  accident,  loss  by  decreased  speed, 
etc.,  which  results  from  using  100  feet  of  lo**  curvature  instead 
of  1000  feet  of  1°  curvature  for  deflecting  the  line  through  a  cen- 
tral angle  of  10°,  or  from  using  900  feet  of  10**,  and  550  feet  of 
tangent  at  each  end,  for  deflecting  through  an  angle  of  90**,  as  in 


Fig.  186. 


Fig.  187. 


[There  is  a  certain  loss  of  distance,  aa,  in  using  the  sharper  instead  of  easier  cnire,  uriiicii  is 

not  referred  to  in  the  text.    See  par.  859.] 

Fig.  187,  instead  of  using  1800  feet  of  5**  curve  and  only  50  feet 
of  tangent,  as  in  Fig.  186. 

Secondly.  The  limiting  effect  of  sharp  curvature  on  the 
weight  and  length  of  trains,  provided  it  be  sharp  enough  to  have 
such  effect.     Some  is,  and  some  is  not. 

848.  In  other  words,  we  are  here  met,  upon  the  threshold  of 
the  subject,  with  a  distinction  precisely  analogous  to  that  which 
we  have  already  found  (par.  361)  to  exist  in  the  case  of  gradients. 
All  grades,  without  distinction  and  wherever  situated,  entail  a 
certain  additional  expense  per  train  passing  over  them;  and  in 
addition  to  this  the  highest  rate  of  grade  entails  a  certain  and 
much  greater  expense  which  does  not  appear  at  all  in  the  ex- 
penses per  train-mile  (except  as  it  may  tend  to  decrease  them  by 
shortening  trains),  but  solely  in  an  increase  in  the  number  of 
trains.  In  like  manner,  all  curves,  without  distinction,  entail  a 
certain  additional  expense  per  train  passing  over  them  for  every 
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degree  of  the  curve,  and  this  cost,  it  may  be,— or  may  not  be, — 
increases  rapidly  with  the  sharpness  of  the  curve;  but  in  addi- 
tion to  this,  the  sharpest  curve  (or  curves)  on  the  line,  if  it  be 
sharp  enough^  will  have  the  further  effect  of  limiting  the  weight 
and  length  of  trains.  In  fact,  if  made  sharp  enough,  it  will  so 
severely  limit  the  weight  of  trains  as  to  make  it  impossible  to 
run  any  trains  at  all. 

At  a  certain  definite  radius,  therefore,  the  expense  and  loss 
arising  from  short  radii  take  a  sudden  jump.  The  inherent 
cost  per  train-mile  per  degree  of  sharp  instead  of  easy  curvature 
continues  on  as  before,  and,  in  addition  thereto,  there  is  the 
large  additional  expense  caused  by  the  limiting  effect  of  any 
shorter  radius  upon  the  weight  of  trains. 

849.  It  is  plain  that  the  point  at  which  this  sudden  jump  will 
or  may  occur  is  intimately  connected  with  and  depends  upon 
the  rate  of  the  maximum  grade,  because  the  higher  the  grade 
the  greater  the  resistance  on  a  tangent,  and  hence  the  sharper 
the  curve  which  may  be  used  (i.e.,  which  it  is  possible  to  use)  on 
levels  or  minor  gradients  without  any  limiting  effect  on  trains. 
Hence  the  shorter  the  trains  which  can  be  hauled  independent 
of  the  sharpest  curve,  the  shorter  the  radius  which  may  be  freely 
used  on  levels  or  minor  gradients  without  affecting  the  number 
of  trains  required  for  a  given  business. 

890.  Now,  just  as  in  the  case  of  gradients,  this  distinction 
between  these  diverse  sources  of  expense  is  one  which  must  be 
carefully  kept  in  mind  if  any  correct  and  intelligent  decision  as 
to  the  limit  of  maximum  curvature  is  to  be  reached. 

In  the  first  place,  it  needs  no  great  effort  of  mind  to  perceive 
that  the  first  item  mentioned  above,  the  inherent  costliness  of 
sharp  curvature, — that  portion  which  is  visible  in  increased  wear 
and  tear  and  expenses  per  train-mile, — affords  no  ground  for  the 
fixing  of  any  arbitrary  and  inflexible  standard  or  limit,  nor 
should  it  be  considered  or  allowed  to  have  any  weight  what- 
ever in  ascertaining  at  what  radius  to  fix  that  limit.  For,  mak- 
ing for  a  moment  the  exaggerated  estimate  that  the  cost  of 
curvature  per  degree  increases  as  the  square  of  the  degree  of 
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the  curve,  it  may  easily  be,  and  often  is  the  case  at  certain 
points,  that  the  cost  of  construction  will  vary  as  the  cube  of  the 
radius,  and  hence  a  sudden  sharp  ravine  or  rocky  spur  might 
justify  and  require  a  12°  or  15°  curve  for  this  account  alone, 
although  3°  or  4°  curves  were  the  maximum  on  all  the  rest  of 
the  line.  But  what  we  then  require  to  determine  is:  Will  any 
such  curve  have  the  further  effect  of  limiting  the  weight  of  trains 
over  the  whole  line,  or  injuriously  restricting  speed  ?  For  in 
that  case,  plainly,  a  large  additional  expenditure  will  be  justifi- 
able to  increase  its  radius. 

851.  This  latter  expenditure  does  not  vary  with  the  number 
of  curves,  as  does  the  wear  and  tear,  but  is  a  certain  fixed 
amount,  which  can  alone  be  used  to  take  out  such  curves,  how- 
ever many  or  few  they  may  be,  and  must  be  distributed  to  one 
curve  or  to  fifty,  according  to  their  number.  This  fact  alone  is 
sufficient  to  show  the  essential  dissimilarity  between  it  and  the 
sum  which  represents  the  direct  or  inherent  disadvantage  of 
using  short  instead  of  long  radii.  As  the  latter  is  always  so 
much  per  sharp  curve,  or  per  degree  of  sharp  curvature,  it  always 
has  its  effect — much  or  little,  as  the  case  may  be — on  the  justifi- 
able expense  to  increase  the  radius  of  each  particular  curve,  for 
it  is  to  be  added  in  each  case  to  the  proportion  for  that  curve  of 
the  estimated  value  of  avoiding  any  limiting  effect  from  its 
radius;  but  it  does  not  form  an  element  in  fixing  the  point  at 
which  limiting  effect  begins,  and  hence  should  be  allowed  no 
weight  whatever  in  ascertaining  that  limit. 

All  this  seems  clear  enough  when  the  attention  is  sp>ecially 
directed  to  it,  but,  as  with  many  other  problems  which  advance 
from  simple  premises,  it  requires  a  constant  effort  of  the  mind 
to  keep  it  always  in  view.  Hence,  although  it  has  no  real  or 
necessary  connection  with  our  present  subject,  we  may  first 
briefly  consider 

THK    INHI.KKNT    COSTLINESS   OF    SHARP   CURVATURE. 

852.  For  the  consideration  of  this  question  all  actual  or  possible  lim- 
itincr  etlcrt  from  curvature  on  the  length  or  speed  or  easy  riding  of  trams. 
or  the  use  of  any  desired  type  of  locomotive,  must  be  disr^;arded.   Such 
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injurious  effect  as  the  sharpest  curves  may  have  on  these  details,  if  any, 
is  another  matter.  The  question  is  simply — ^as  between  the  two  methods 
shown  in  Figs.  186,  187 — of  turning  an  angle  of  90°  within  a  distance 
of  1900  feet  of  track  :  Which  adds  the  most  to  the  operating  expenses 
per  train  due  to  that  1900  feet — the  method  of  Fig.  186,  showing  1800 
feet  of  5**  curve  and  50  feet  of  tangent  at  each  end,  or  that  of  Fig.  187, 
with  900  feet  of  lo"*  curve  and  500  feet  of  tangent  at  each  end  ? 

853.  Rigorously  excluding  all  thought  of  possible  limiting  effect 
from  the  mind,  it  is  very  difficult  to  see  reasons  why  the  inherent  cost  of 
curvature,  per  train-mile  per  degree,  should  be  in  the  least  increased  by 
using  short  instead  of  long  radii,  i.e.,  by  using  100  ft.  of  10°  curve  instead 
of  1000  ft.  of  I*  curve,  to  cover  the  same  central  angle.  The  wear  and 
cost  of  rails  appear  from  superficial  investigations  (the  writer's  among 
others:  see  par.  317)  to  indicate  that  rail  wear  increases  faster  than — or 
«ven  (as  the  writer  once  suggested)  as  the  square  of — the  degree  of 
curvature ;  but  this  is  a  purely  deceptive  appearance,  due  to  the  fact  that 
the  rate  of  wear  increases  as  the  rails  become  worn  to  "  fit  the  ffange" 
(par.  338),  and  thus  expose  a  greater  area  to  rubbing  friction.  It  is  plain 
that  at  any  given  date  in  a  large  lot  of  rails  laid  at  the  same  time  those 
on  the  sharper  curves  will  have  fulfilled  a  greater  proportion  of  their  total 
life,  and  hence  will  have  begun  earlier  to  wear  more  rapidly.  From  a 
more  correct  comparison  of  all  the  data  it  appears  rather  as  if  both  curve 
resistance  and  rail  wear  (and  hence  fuel  consumption)  increased  more 
slowly  instead  of  faster  than  the  degree  of  the  curve  (par.  311).  If  so, 
the  total  RAIL  WEAR  caused  by  10°  of  central  angle  will  be  less,  rather 
than  more,  on  a  10°  curve  than  on  a  1°  curve.  While  this  cannot  as  yet 
be  positively  asserted,  it  may  be  regarded  as  certain  that  the  balance  is 
at  least  even. 

854.  It  may  with  far  more  certainty  be  claimed  that  the  cost  of  main- 
tenance OF  ROAD-BED  AND  TRACK  is  Considerably  decreased,  per  de- 
gree of  central  angle,  by  the  use  of  short  radii,  because  a  good  portion  of 
it  is  nearly  constant  per  too  feet  of  curve,  r^^ardless  of  radius,  such  as 
the  extra  cost  of  lining,  maintaining  uniform  and  proper  elevation,  and 
the  shorter  life  of  ties,  in  order  that  they  may  be  capable  of  sustaining 
the  lateral  reaction  of  the  rails,  which  latter  is  theoretically  (although 
probably  not  quite  practically)  the  same  on  all  curves  (par.  311). 

It  would  be  a  most  liberal  estimate  to  assume  that  the  additional  cost 
per  station  for  maintaining  road-bed  and  track  due  to  curvature  increases 
as  the  square  root  of  the  degree  of  curvature,  makmg  it  3.16  times  as 
much  per  100  ft.  of  line  on  a  10**  curve  as  on  a  i**  curve,  or  makmg 
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the  additional  cost  due  to  A^  of  central  angle  compare  as  i.oonai'^ 
curve  to  3.16  on  a  lo"*  curve.  This  entire  item  is  a  small  one,  but  so  far 
as  it  goes  it  is  distinctly  favorable  to  the  use  of  sharp  instead  of  eas)* 
curvature, 

855.  Figs.  1S6,  187  are  literal  copies  of  diagrams  which  the  writer 


Fig.  187. 

submitted  to  two  or  three  of  the  most  thoughtful  practical  road-masters 
of  his  acquaintance  for  an  opinion  as  to  probable  comparative  main- 
tenance expenses.     The  reply  of  one  of  them  was  as  follows : 

"  Assuming  a  tie  to  last  8  years  on  tangent  it  will  last  about  6  years  on  a  10' 
curve,  so  as  to  keep  gauge  safe,  and  we  will  say  7  years  on  the  5*  curve.  Then— 
for  10°  Ihie— Cost  of  ties  for  eight  years  on  loco-ft.  tangent, 

500  ties  at  50  cts $250  00 

450  ties  on  900  ft.  of  10°  curve  at  50  cts.  =  $225  for  6  years, 

=  for  8  years, 300  oo— f 550  00 

For  5"  /ifu — Cost  of  ties  for  8  years  on  xoo-fL  tangent,  50 

ties  at  50  cts 25  00 

900  ties  for  1800  ft.  of  5°  curve,  at  50  cts.  =  $450  for  7  years 

=  for  8  years 514  30—1539  30 

"  Therefore  there  is  a  saving  of  $10.70  at  the  end  of  8  years  in  favor  of  the 
5"*  line,  and  we  may  conclude  that  the  maintenance  of  line  and  surface  will  bear 
the  same  proportion  as  ties. 

"  According  to  this  figuring  there  is  a  saving  of  about  2  per  cent  in  main- 
tenance in  taking  the  5*"  line.  This  is  small,  and  in  looking  at  the  two  lines  in 
all  their  bearings  I  believe  the  lo''  line  is  the  preferable  one  for  maintenance,  as 
on  it  we  get  more  tangent  than  curve,  while  the  5^  for  the  same  distance  is 
nearly  all  curve  and  very  little  tangent." 

The  fallacy  in  the  first  part  of  this  estimate,  which  was  perceived  but 
not  located,  lies  in  assuming;  that  a  5**  curve  will  only  dimmish  the  life 
of  a  tic  half  as  much  as  a  10**  curve:  which  is  hardly  so,  the  flange  pres- 
sure being  the  same  on  both.     Moreover,  the  extra  work  of  Iminir  and 
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surfaciHi;'  is.  still  more  nearly,  so  much  per  lineal  foot  of  curve,  regardless 
01  the  radius. 

856.  The  wear  and  tear  of  wheels  and  running  gear  of  rolling- 
stock  will  naturally  follow  the  same  general  law  as  the  rail  wear,  so  that 
ii  may  be  considered  to  vary  directly  as  the  degree  of  curvature,  remain- 
ii  g  constant  per  degree  of  central  angle. 

857.  Moreover,  the  total  cost  of  repairs  of  rolling-stock  and  track,  for 

tnose  items  which  are  at  all  liable  to  be  affected  by  the  wear  and  tear 

and  loss  of  power  on  curves,  is  very  small,  as  thus : 

Per  ceDt  of 
toul  expenses. 

F.ngines,  19  per  cent  only  of  the  total  cost  of  repairs  appears  to 
vary  with  curvature  and  grades  (Table  85);  19  per  cent  of  5.6 
per  cent  (Table  80), =       1.07 

Cars  (Table  86),  23  per  cent  appears  to  vary  as  above;  23  per  cent 

of  lo.o  per  cent  (Table  80), =       2.30 

RaiU^  say  50  per  cent  of  2.0  per  cent, =       1. 00 

/W/,  say  10  per  cent  of  7.6  per  cent, .    .     .     =       0.76 

A  total  per  cent  of  only 5.13 

Thus  only  about  5  per  cent  of  the  total  operating  expenses  is  likely  to 
be  affected  at  all  by  curvature,  and  a  good  part  of  that  only  slightly,  and 
a  good  part  of  what  remains  by  sharp  and  easy  curvature  of  equal 
amount  nearly  equally. 

858.  It  is  also  to  be  remembered  that  sharp  curves  lengthen  short 
tangents,  as  is  clearly  brought  out  by  Figs.  186,  187 — an  advantage 
which  facilitates  what  would  otherwise  be  impossible,  the  use  of  easy 
transition  curves  (see  Index),  and  hence  may  be  made  to  greatly  decrease 
the  unavoidable  shock  in  entering  and  leaving  curves. 

859.  The  effect  of  a  change  of  radius  on  the  total  length  of  the 
line,  although  apparently  pertinent,  has  no  real  bearing  on  this  ques- 
tion. The  use  of  sharp  curvature  always  increases  the  length  of  the  line 
between  the  same  tangents  by  the  amount  aa,  Fig.  187,  and  has  besides 
a  marked  further  tendency  both  to  increase  the  length  of  the  line  and  to 
increase  the  degrees  of  central  angle,  because  of  the  differences  of  loca- 
tion which  naturally  result.  But  the  disadvantage  of  this  extra  length 
and  curvature  is  a  matter  for  separate  estimation,  because  it  is  not  an 
essential  and  unavoidable  feature  of  a  mere  change  of  radius,  and  hence 
does  not  directly,  although  it  commonly  will  indirectly,  affect  the  deci- 
sion in  favor  of  using  easy  curvature.  In  fact,  although  it  rarely  occurs 
in  practice,  it  is  not  in  the  nature  of  things  impossible,  that  the  use  of  a 
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shorter  radius  should  result  in  a  decrease  of  both  distance  and  degrees 
of  central  angle.  On  a  small  scale  it  very  frequently  does  so,  in  the  man- 
ner outlined  in  Fig.  188. 


Fig.  188. 

860.  On  the  other  .hand,  it  may  well  happen  that  the  adoption  of  a 
location  adapted  to  short  radii  would  double  the  amount  of  curvature. 
and  that  the  estimated  cost  of  this  would  be  more  than  the  estimated 
saving  on  construction.  In  that  case  the  short  radii  would  not  be  usecL 
but  they  would  be  abandoned,  not  because  of  the  sharpness  of  the  curv- 
ature, but  because  there  was  so  much  of  it. 


Fig.  189. 

861.  The  loss  or  gain  in  distance  by  connecting  any  two  given  tangents  with 
one  curve  instead  of  another,  Fig.   1S9,  may  be  very  simply  determined  ts 

follows: 

To     DETERMINE     THE     DIFFERENCE     IN     LENGTH     OF     LINK    Via     AKY    TWO 
CURVES   OF  DIFFERENT   RADII,  CONNECTING  THE  SAME  TANGENTS: 

Let  /  =  length  of  longer  curve,  of  Z)',  with  tangents  T\ 


<( 


/'  = 


It 


4 1 


shorter 


i( 


D 


(< 


<< 


T\ 
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IDT 
Then  geometrically  "p  =^  "nf  =^  "j^t  ^  ^"^  assume,  as  for  all  practical  pur- 
poses we  may, — if  curves  of  over  8^  or  zo*  are  run  in  with  50-foot  cterds, — that 
the  degree  of  curvature  is  directly  as  the  radius. 

Then/'  =  ^/and  7"  =  ^7;  T-T' =  [i^^)t. 

Letting  Z  =  the  length  via  any  one  of  the  sharper  curves  shown  in  Fig.  189, 
from  tangent-poiot  to  tangent-point  of  any  curve  of  longer  radius  (from  T  to 
7*)  we  have 

=  (ar-/)ii^. 

But  the  value  of  a  7*— /  for  a  />*"  curve  is  to  its  value  for  a  z*  curve  as  -rr-. 

Consequently » tabulating  (aT*—  /)  for  a  i**  curve,  we  have  as  tMe  diffeven€§  in 

ihe  length  of  the  Kne  via  any  two  curves  of  D  amd  ZX  degrtef,  e^nnecHng  the  same 

iangents  : 

I       ly  —  D 
=  tabular  number  X  ^  X  — -jy — 

/y  —  Z> 

=  tabular  number  X     r^  ^ 

»  UD 

,    ,  ,  difference     -,.    ,       .  - 

=  tabular  number  X  , — 7-  of  the  two  degrees  of  curoaherem 

product    ^  o         ^ 

862.  Table  187  gives  such  a  tabulation  for  angles  differing  by  z*  up  to  zso*". 
The  "  tabular  number"  is  simply  the  difference  between  the  length  of  a  z* 
curve  of  any  given  central  angle  and  the  lengths  of  its  tangents.  It  is  there- 
fore given  for  any  angle  whatever  by  the  formula 

7*=  tan  i/X  5730  X  2  —  100/; 

in  which  T  —  tabular  number  for  Table  Z87, 

/  =  intersection  angle  in  degrees. 

The  problem  is  rarely  one  of  practical  importance,  since  two  curves  of  con- 
siderable difference  in  radius  rarely  connect  the  same  tangents,  but  is  some- 
times convenient  for  determining  the  effect  of  minute  changes.  For  the  two 
curves  shown  in  Figs.  186,  187,  we  have — 

Tab.  no.  for  90"  (Table  187)  =  2459.3  X  -h  \     ^    )  =  246  feet  loss  of  distance 
by  the  10"  curve. 
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Table  187. 

DiFFERBNCB    IN     LENGTH     OP     LiNE  vid    ANY    Two    CURVBS    OP    DiPFEUCNT 

Radii,  connecting  the  same  Tangents. 

[To  determine  the  required  difference,  multiply  the  tabular  number  below,  correspondiiif 

difference 


to  the  given  central  angle  by  the 


product 


of  the  two  degrees  of  curvature.] 


0 

1 

2 

3 

4 

5 

6 

7 

8 

1 

t 

o" 

o.ogI 

0.00 

0.03 

0.08 

o.z^ 

0.33 

0.56 

0.88 

1.3a 

.16 

IO« 

8.56 

3-40 

4-42 

5.63 

7.0a 

8.64 

X0.50 

13.60 

X4.98 

I7.6t 

ao« 

30. 6 

23.8 

a7-4 

•3«-4 

35.8 

40.4 

45.6 

51.3 

57.a 

63.6 

3o* 

70.6 

78.0 

86.0 

94.3 

103.4 

1x3. 3 

133.4 

«34-« 

145.8 

X58.0 

400 

X70.8 

184-4 

198.8 

314.0 

339.8 

346.6 

364.9 

a88.6 

303. 0 

3M.4 

Soo 

343-6 

365.8 

389.0 

4«3-4 

438.8 

465.4 

493 -o 

53X.8 

55».o 

5>3-4 

6o» 

616.0 

650.0 

685.4 

733.3 

760.6 

800.4 

841.8 

884.8 

939.4 

975.8 

70* 

1033.8 

1073.8 

X135.6 

1179.4 

1335.2 

1393.0 

1353.0 

i4X5.» 

>t479«6 

>54ft>4 

80" 

1615. 4 

1687.2 

1761.4 

X838.4 

19x8.0 

8uu6.o 

3086.0 

a«74-4 

3966.3 

9361.0 

90* 

a459-4 

3561.0 

3666.4 

3775.6 

3888.6 

3005.6 

3xa6.8 

3353.4 

3383.4 

'  35iT» 

100" 

3656 -4 

3801.3 

3951 -0 

4106.4 

4367.3 

4434.0 

4607.0 

4786.4 

497»-4 

5««5-4 

no* 

5365 -6 

5573-4 

5789.3 

6013.3 

6345-8 

6487.6 

6738.8 

6999.8 

7*71 -4 

7554.0 

iao« 

7848.0 

1 

I'his  tablc>  is  not  correct  to  the  nearest  tenth,  but  only  to  the  nearest  even  two-Kenthi» 
A.s  a  certain  .small  fraction  only  of  the  tabular  number  is  to  be  taken,  the  error  was  noc 
deemed  of  enough  moment  to  require  recomputation.  The  table  gives  merely  the  diffci^ 
cnce  I>ctwcon  the  Icn^h  of  the  two  tangents  to  a  i*  curve  and  the  length  of  its  aic  for 

any  j;iven  central  anple. 


863i  Precisely  this -same  method  of  analysis  will  enable  us  to  determine  M 

once  the  difference  between  the  radius,  long  chord,  middle  ordinate,  tanfeni. 

or  any  other  function  of  any  two  similar  curves  if  we  know  the  value  of  the 

same  function  for  a  similar  i°  curve.     Thus  the  difference  between  the  radii  of 

a  5'  and  lo**  curve  is 

10-5  _ 


and  between  a  7°  and  8% 


5730  X  j^j=  573.0  feet; 
8  —  7      5730 


864.  From  all  the  considerations  which  have  been  suj 

together  we  may  perhaps  assume  that  the  inherent  cost  of  carr- 
ature  per  train-mile  is  independent  of  the  radius,  or  at  least  does 
not  increase  appreciably  with  the  sharpness  of  the  curve,  and  this 


i 
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view  simplifies  a  decision  as  to  the  limit  of  radius.  But  whether 
this  view  be  entirely  correct  or  not  is  a  matter  of  perfect  indiffer- 
ence for  deciding  the  problem  immediately  before  us,  as  it  is 
boped  has  been  made  perfectly  clear. 

Dismissing,  therefore,  from  our  minds  this  confusing  and  irrel- 
evant question,  we  will  now  confine  our  attention  exclusively  to 
the  LIMITING  EFFECT  of  curvature  as  the  only  cause  which  justi- 
fies the  fixing  of  any  arbitrary  limit  whatever  to  the  sharpness 
of  curves. 

THE   LIMITING   EFFECT   OF   CURVATURE. 

865.  Curvature  may  have  a  limiting  effect  in  three  ways  : 

1.  It  may  forbid  the  use  of  certain  types  or  weights  of  en- 
gines, or  so  impede  it  as  to  make  it  practically  inexpedient.  The 
extent  to  which  this  cause  does  or  may  operate  has  been  already 
considered  (par.  285  et  seq,)  and  found  to  be  small. 

2.  It  may  impede  the  running  of  trains  at  high  speeds  by  the 
necessity  of  frequently  checking  speed  or  maintaining  a  low  rate 
of  speed  for  considerable  distances  when  the  intervals  between 
the  sharper  curves  are  small. 

3.  It  may  compel  the  hauling  of  shorter  trains  by  its  addition 
to  curve  resistance. 

The  second  cause  has  been  already  considered  from  the  me- 
chanical side  (in  par.  268  et  seq,)  and  found  to  appreciably  affect 
passenger  trains  alone. 

866.  As  a  business  question,  the  effect  which  we  there  saw 
sharp  curves  to  have  on  the  safe  speed  shows  their  use  to  be  on 
many  roads  of  heavy  passenger  traffic  a  consideration  of  extreme 
importance,  justifying  and  requiring  an  extremely  low  limit  of 
curvature.  Nevertheless,  under  average  conditions,  the  same 
facts  show  it  to  be  one  of  minor  importance. 

867.  It  depends  chiefly  on  a  road  of  any  given  character  on  the 
amount  and  disposition  of  the  sharp  curvature.  Thus  on  the  ele- 
vated railways  of  New  York,  with,  perhaps,  the  heaviest  passen- 
ger traffic  in  the  world,  a  few  excessively  sharp  curves  are  used, 
such  as  those  shown  in  Figs.  189,  190,  191.    These  are  not  found 


646      CHAP.  XIX,—UMITmG  EFFECT  OF  CURVATURE. 


,  1S9 RiTIKlID  CdKTBS 


There  art  four  right-angled  tanu  00  the  Sixth  Avenoe  Doe  dmllar  in  ubiUKt  to 
Fig.  189.  Id  order  lo  be  able  lo  turn  withiD  the  stnet  limit*  iliott  revened  cuna  *tn 
introduced,  nuicing'the  total  of  the  eentnl  uicles  134*  34',  or  44*  -yl  on'  the  mcobt 
right  angle.  The  dotted  curve  of  aoo  feet  radioi  (or  iboot  a^  in«t»«ii  of  (Sj^,  ibtmt 
with  bow  little  encroachment  on  private  property  the  ndhu  anild  be  more  than  dml^ 
In  Fig.  190  the  dotted  alignment  would  un  aia*  yl  —  L44*  =  88*  30",  b«»d«a  M«^ 
doubtini:  the  radius.  About  8oo  trains  per  dajt  pas  aroand  thoe  cnrrea.  The  iboim 
tnlerval  or  ' '  headway"  between  trains  is  only  %  minnte  on  the  Third  Avenue  line  •»!  '^ 
minutes  on  the  Sixth  Avenue  line,  during  the  biuie«  bouim.  Cotuting  both  curm  to- 
gether, more  than  one  third  as  man]'  passengeri  pan  oner  them  per  reat  ai  ther:  in  wX 
enter  all  the  trains  of  all  the  ns.ooo  milis  of  railway  In  the  United  States.  The  p» 
earnings  frr  milt  mount  up  <o  $210,000,  and  the  operatln|;  CKpenaa  to  $195,000. 

The  properly  on  the  comers  which  is  cut  by  the  dotted  cnmii  in  no  ok  pailiCDiv'r 
valuable,  and  $20,000  or  Sjo.ooo  would  have  been  the  giCBtiM  net  loM  whkb  mold  be 
likely  lo  result  Imm  subslituting  any  one  of  the  dotted  cnnca  for  the  cooatrocted  cw™- 
Noacddenlsof  any  kind  hare  happened  on  any  oTthoe  ihaip  cui  lu  afaKC  tlie  rauli  ■Ht 
opened  in  1R7S. 

The  curves  are  of  standard  gauge,  and  ihe  cars  are  about  48  feet  lone.  Thai  <lii>- 
bars  go  from  truck  10  Imck.  and  not  between  the  cat-badi«. 
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to  be  a  measurable  disadvantage  as  respects  limiting  speed  (for 
if  they  were,  a  few  thousand  dollars  would  take  them  out),  be- 
cause, although  every  moment  of  lost  time  is  of  great  import- 
ance, the  speed  between  the  frequent  stops  is  slow  (not  over  30 
miles  per  hour)  and  the  motive-power  between  stations  (because 
of  the  frequency  of  stops)  abundant.  Therefore  the  speed  is 
checked  to  a  safe  limit  almost  instantaneously  on  approaching 
the  curve,  and  resumed  again  on  passing  it  almost  as  quickly,  and 
the  total  loss  per  curve  does  not  exceed  20  to  30  seconds  for  each 

curve;  only  a  small  of  part  which  f  j—  or   39.    3    per   cent,    on 

curve  and  \  or  50  per  cent  in  approaching  and  leaving  the  curve, 
as  a  brief  analysis,  which  the  student  should  make,  will  show) 
could  be  saved  by  doubling  the  radius  of  curvature.  Fig.  192 
and  Table  107,  page  273,  will  indicate  the  method  of  determin- 
ing this. 

868.  If,  however,  there  were  many  of  these  curves,  the  loss  of 
time  would  not  only  increase  pari  passu,  but,  by  frittering  away 
the  time  and  nervous  energy  of  the  engineman,  obstructing  his 
view  ahead,  and  similar  indirect  causes,  cause  a  still  further  de- 
crease in  the  practicable  speed,  and  likewise  decrease  the  admis- 
sible frequency  of  trains,  thus  causing  an  unwarranted  loss,  if 
any  ordinary  expenditure  would  avoid  it.  As  the  line  now 
stands,  an  avoidance  of  all  curves  on  the  line  would  have  a  con- 
siderable money  value,  but  to  simply  double  the  radius  would  be 
worth  little  or  nothing — as  is  sufficiently  evidenced  by  Figs.  189- 
190.  The  management  is  not  unintelligent  nor  unduly  parsi- 
monious, but  it  is  not  thought  of,  simply  because  it  would  not 
pay. 

869.  So  on  the  various  railway  lines  connecting  Boston,  New 
York,  Philadelphia,  Baltimore,  and  Washington.  The  value  of 
avoiding  any  considerable  amount  of  curvature,  and  especially 
curvature  sharper  than  3^  or  4"^,  is  to  be  measured  only  by  a  vast 
sum,  under  the  jrrowing  business  advantage  of  very  fast  trains. 
Its  existence  in  larc^e  amounts  would  make  quick  time  impossi- 
ble ;  but  the  same  is  not  at  all  true  of  a  small  amount  of  curva- 
ture at  some  one  point,  even  of  very  short  radius,  for  reducing 
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peed  for  one  mile  only  from  60  to  30  miles  per  hour  means  only 
he  loss  of  \\  to  2  minutes  time  (Table  183).  The  justifiable  ex- 
penditure to  avoid  it  would  certainly  be  far  less  than  one  tenth 
•f  what  would  be  justifiable  on  the  same  line  to  avoid  ten  times 
s  much  curvature  and  delay,  both  because  (i)  more  than  ten 
imes  as  much  time  would  be  lost  thereby,  and  because  (2),  even 
f  not,  the  loss  would  be  more  than  ten  times  as  injurious.  Two 
ninutes  more  time  between  New  York  and  Philadelphia  might 
lot  place  a  competing  line  under  measurable  disadvantage. 
Twenty  minutes  would  not  simply  decrease,  but  destroy  its 
:hance  for  competition  on  equal  terms. 

870.  When  we  come  to  long  trips,  of  500  to  1000  miles,  we 
lave  already  (par.  240)  seen  that  any  probable  loss  of  time  which 
s  remediable  by  any  expenditure  within  bounds  for  easing curv- 
iture  is  not  likely  to  have  any  effect  whatever,  measurable  in  dol- 
ars  and  cents,  upon  competitive  equality.  The  most  trifling 
lifferences  in  neatness  of  stations  and  equipment,  courtesy  of  em- 
)loyees,  character  of  "  lunch  counters,"  etc.,  would  be  far  more 
mportant  for  that  purpose,  as  well  as  far  more  cheaply  obtained. 

871.  The  true  principle  in  regard  to  this  matter  would  there- 
ore  seem  to  be :  To  estimate  the  total  loss  of  time  which  is 
ikely  to  result,  on  a  given  line,  from  the  location  naturally  re- 
julting  from  one  radius  of  curvature  instead  of  another,  and  the 
probable  money  value  of  so  much  competitive  business  as  is 
ikely  to  be  lost  on  account  of  this  loss  of  time.  While  this  is  an 
exceedingly  delicate  and  difficult  matter  to  estimate  even  approx- 
imately, and  an  impossible  one  to  determine  with  exactness,  yet 
[par.  21)  **what  we  can  do  is  to  fix  a  maximum  and  minimum 
limit,  somewhere  within  which  lies  the  truth  and  anywhere  out- 
side of  which  lies  a  certainty  of  error.  Due  judgment  and  cau- 
tion require  that  we  should  do  so." 

872.  As  a  general  rule,  the  limiting  line  between  the  traffic  to 
which  every  minute  is  and  is  not  important  lies  at  the  point  where 
it  ceases  to  be  possible  to  make  a  round  trip  in  a  day,  with  some 
time  to  spare  at  destination.  For  distances  under  100  or  150 
miles  this  is  possible,  as  for  instance  between  New  York  and 
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Philadelphia,  and  time  is  valued  greatly.  For  longer  distances, 
as  from  New  York  to  Boston,  this  is  not  possible,  and  fast  trains 
are  not  run,  nor  are  they  likely  to  be  until  over  50  miles  per  hour 
can  be  made,  when  there  will  be  demand  for  several  daily.  Be- 
tween New  York  and  Chicago,  until  it  finally  appeared  possible 
to  shorten  up  the  time  to  24  hours,  quicker  time  than  36  hours 
was  not  important,  and  was  not  made.  To  St.  Louis,  which  is 
only  200  to  250  miles  further  from  New  York  than  Chicago,  or 
some  20  per  cent,  the  time  is  still  eight  or  ten  hours  longer,  for 
the  same  reason. 

The  effect  of  sharp  curvature  on  safety  and  the  comfort  of  travellers  is  coo- 
sidered  in  Chap.  VIII.,  pars.  247  and  279. 

873.  We  will  now  analyze  the  extent  to  which  the  third  and  chief 
cause  for  limiting  effect  from  curvature  operates — that  it  may  compel 
the  hauling  of  shorter  trains  by  its  addition  to  the  train  resistance : 

We  have  on  the  tangent  maximum  grade,  whatever  it  may  be,  two 
resistances  to  overcome : 

1.  The  ordinary  rolling-friction. 

2.  The  resistance  of  gravity — a  known  and  constant  quantity. 
In  the  case  of  curvature  on  a  level  we  have  also  two  resistances : 

1.  Tiie  ordinary  rolling-friction,  as  before. 

2.  All  additional  resistance  which  may  or  can  arise  from  the  curve. 

In  either  case,  it  is  evident  that  the  resistance  from  the  rolling-fric- 
tion proper,  being  the  same  in  any  case,  whatever  its  amount  may  be, 
may  be  entirely  neglected.  In  any  case,  also,  it  is  obvious  that  the  grade 
on  any  curve  may  be  reduced  to  a  level,  if  desired,  so  as  to  eliminate  all 
grade  resistance. 

874.  The  normal  rolling-friction  being  eliminated,  what  we  require, 
in  order  to  determine  the  proper  limit  of  maximum  curvature  so  far  as 
length  of  train  is  concerned,  />.,  the  point  at  which  a  LIMITING  EFFECT 
begins,  or  should  begin  on  a  properly  laid  out  line,  is  simply  the  curve  on 
IV hie h,  in  all  cases  and  under  the  most  unfavorable  circumstances,  the  same 
en^rine  caft  haul  the  same  train  on  a  level  as  it  can  haul  on  a  tangent  up 
the  maximum  grade. 

It  is  not  sufficient  to  determine  merely  the  curve  on  which  there  will 
probably  be  no  greater  resistance  on  a  level  than  on  the  tangent  maxi- 
mum grade,  nor  the  curve  on  which,  under  average  or  favorable  condi- 
tions, there  will  be  no  limiting  eflect.  When  there  is  even  a  possibility 
that  under  any  circumstances  whatever,  exceptional  or  unexceptional^ 
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the  resistances  on  a  level  maximum  curve  may  exceed  the  known  and 
invariable  effect  of  gravity  on  the  actual  tangent  maximum  grade,  that 
curve  is  in  a  sense  a  limiting  curve,  because  there  is  a  certain  disadvan- 
tage in  even  the  possibility  that  curvature  may  at  times  limit  the  trains 
m  advance  of  gradients,  and  hence  a  certain  money  value  in  avoiding  it. 

875.  Viewed  from  this  standpoint,  with  our  existing  experimental 
knowledge  of  curve  resistance,  all  that  can  safely  be  assumed  is  that  an 
allowance  of  2  lbs.  per  ton  per  degree  of  curvature  is  none  too  great  to 
cover  the  highest  possible  curve  resistance  at  very  low  speeds,  with  well- 
worn  rails  and  long  trains  of  empty  cars,  especially  on  easy  curves.  So 
high  a  curve  resistance  is,  we  may  be  very  certain,  rarely  reached  in 
practice,  but  that  it  is  sometimes  reached  is  at  least  possible. 

On  the  other  hand,  the  very  lowest  limit  for  the  resistance  on  ordi- 
nary railway  curvature,  under  the  most  favorable  circumstances,  at  high 
speeds  and  with  new  rails,  is  probably  about  (somewhat  less  than)  \  lb. 
per  degree  of  curvature,  falling  on  the  very  sharpest  curves,  such  as  on 
the  elevated  railways  of  New  York,  to  something  less  than  \  lb.  per  ton 
per  degree ;  but  the  latter  curves  are  out  of  the  range  of  ordinary  expe- 
rience. 

876.  The  assumed  2  lbs.  per  ton  of  train  resistance  is  equivalent  to 
o.i  per  cent  of  grade,  and  0.5  lb.  to  0.025  P^^  ^^^'^  of  grade.  Multiplying 
the  former,  therefore,  by  the  degree  of  any  curve,  gives  a  rate  of  maxi- 
mum grade  which  will  certainly  oppose  more  resistance  to  all  trains 
under  all  circumstances  than  the  given  curve  will  on  a  level,  while  mul- 
tiplying the  latter  by  the  degree  of  curve,  in  the  same  way.  will  give  a 
rate  of  maximum  grade  which  will  certainly  not  oppose  more  resistance 
to  any  train  under  any  circumstances  than  will  the  curve,  and  hence  the 
latter  will  be,  in  the  fullest  sense,  a  "  limiting"  curve. 

In  between  these  limits  sometimes  the  curve  and  sometimes  the 
grade  may  offer  the  maximum  resistance. 

877.  From  the  above  simple  data  we  may  construct  the  following 
Table  188.  showing  the  proper  limits  of  practice  in  respect  to  maximum 
curvature : 

Table  188  assumes  that  the  most  which  can  possibly  be  done  to  elim- 
inate curve  resistance  is  to  reduce  the  grade  to  a  level,  which  is  the  case 
with  an  evenly  balanced  traffic  and  with  long  stretches  of  level  or  undu- 
lating g^dients  having  a  great  deal  -of  curvature.  It  is  evident,  how- 
ever, that  under  the  three  following  conditions,  at  least,  this  is  not  the 
case,  and  hence  that  the  table  will  not  then  apply : 
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Table  188. 

Maximum  and  Minimum  Limits  for  the  Degrees  of  Limiting  Curvatt&e 

ON  Various  Grades. 

[Being  the  degrees  of  the  curves  which  certainly  will  and  certainly  will  not  cause  a 
greater  resistance  on  a  level  than  a  given  tangent  rate  of  maiimnm  grade.  Subject  to  the 
limitations  of  pars.  878  et  seq.\ 


Tangent  Maximum  Grade. 


Per  Cent. 


Feet 
Per  Mile. 


O.I 

5.28 

0.2 

10.56 

0.3 

15.84 

0.4 

21.12 

0.5 

26.40 

0.6 

31.68 

0.7 

36.96 

0.8 

42.24 

0.9 

47.52 

I.O 

52.80 

etc. 

etc. 

Dbgkbb  of  Maximum  Curve  on  a  Level 


which  will 
certainly  have  no 

limiting  e£Eecc 
on  any  train  under 
any  ctfcoBitanoes. 


i- 

r 

8* 

s 

etc. 


which  certainly 

will  have  a  limiting 

eflEect  on  all 

trains  under  all 

cireumstancet. 

4' 
8" 

I6' 
20' 
24' 


•  •  • 

•  •  • 


A_ 


Fig.  192. 


878.  I.  On  a  long  maximum  grade,  of  any  considerable  rate,  we  can. 
if  necessary,  not  only  reduce  it  to  a  level,  but  break  the  grade  to  a  de- 

^     ^    scent,  as  at  BB*,  Fig.  192.  and  in  this 
way  completely  eliminate  the  limiting 
effect  of  the  curve  resistance  of  any 
curve,  however  sharp ;  for  we  have  to 
consider  trains  in  one  direction  only. 
To  descending  trains  the  break  of  grade  can  (ordinarily)  do  no  harm. 
On  such  a  grade,  therefore,  there  is  no  reason  why  any  curve  whatever 
should  not  be  used,  so  far  as  the  limiting  effect  of  its  resistance  is  con- 
cerned, and  the  other  two  causes  alone  (par.  865)  justify  fixing  a  limit  of 
radius. 

2.  When  the  grade  is  level  or  slightly  undulating  for  a  considerable 
distance,  and  the  percentage  of  curvature  is  not  too  great,  some  little 
assistance  at  least  from  momentum  may  be  relied  on,  to  eliminate  a  por- 
tion of  the  resistance  of  very  sharp  curves. 

3.  When  the  burden  of  traffic  is  heavily  in  one  direction,  as  in  min- 
eral traffic,  even  with  .nearly  level  grades  and  with  no  assistance  from 
momentum,  quite  sharp  curves  can  be  used  wherever  the  necessary  com- 
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pensation  to  equalize  the  curve  resistance  for  trains  nurving  in  one  direc- 
Hon  can  be  made,  because  the  loaded  trains  return  light  with  a  surplus 
of  motive-power. 

879.  Summarizing  our  conclusions  as  to  limit  of  maximum 
curvature,  we  have  found: 

1.  That  there  is  rarely  (although  there  is  sometimes)  real 
difficulty  in  using  engines  of  any  desired  power,  of  types  approxi- 
mate for  efficient  service,  on  any  probable  alignment,  and  (par. 
285)  that  on  curves  below  10°  or  12°  there  is  no  difficulty  what- 
ever. 

2.  That  those  railways  are  the  exception  (although  they  do 
exist)  on  which  any  probable  loss  of  time  from  the  necessity  of 
slowing  up  at  sharp  curves  will  be  a  matter  of  much  financial 
importance,  and  that  the  gain  in  this  respect  by  any  modifica- 
tion of  curvature  ordinarily  possible  is  much  less  than  is  sup- 
posed. 

3.  That  all  danger  of  limiting  effect  upon  the  weight  of  trains 
from  sharp  curvature,  within  the  limits  specified  in  Table  188, 
can  ordinarily  be  avoided,  and  that  these  limits  afford  sufficient 
range  for  using  those  curves  which  best  fit  the  ground  under  all 
ordinary  topographical  conditions. 

4.  That  the  difference  in  danger  of  accident  which  is  liable 
to  result  from  any  modifications  of  curvature  ordinarily  possible 
is  too  small  for  estimation,  as  an  element  justifying  additional 
expenditure. 

5.  That  the  effect  of  any  difference  of  radius  on  the  expenses 
due  to  wear  and  tear  and  consumption  of  fuel  per  train-mile,  the 
degrees  of  central  angle  remaining  the  same,  is  probably  either 
nil  or  in  favor  of  sharp  radii;  but  that  whether  this  be  so  or  not 
(par.  252)  is  a  question  which  should  be  allowed  no  weight  what- 
ever in  fixing  on  a  limit  of  radius. 

6.  That  the  effect  of  shorter  radii,  if  they  have  any,  to 
lengthen  the  line  or  increase  the  degrees  of  central  angle,  or 
both,  through  the  different  location  which  naturally  results,  is 
likewise  a  matter  which  does  not  directly  affect  the  question, 
although  it  often  may  indirectly. 

880.  We  may  likewise  close,  as  we  began,  with  another  very 
important  conclusion: 
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7.  That  the  natural  tendency  of  inexperienced  engineers  is  ^  go  to 
extremes  in  the  matter  of  curvature^  either  spending  too  much  money  to 
obtain  easy  cunmture^  or^  when  convinced  that  that  is  impolitic^  going  to 
the  other  extreme^  introducing  recklessly  more  and  sharper  curvature 
than  there  is  any  real  necessity  for;  in  both  cases  alike  failing  to  percent 
and  utilize  to  the  utmost  the  topographical  possibilities, 

881.  It  may  at  first  sight  appear  to  follow  from  the  aggregate 
of  this  summary  that  there'  is  little  reason  to  fix  any  minimum 
limit  whatever  to  the  radius  of  curvature  except  the  physical 
limit  of  the  capacity  of  the  locomotive,  and  this  is  so  far  correct 
that  it  is  entirely  indefensible  to  start  out  upon  surveys  with 
a  limit  determined  in  advance,  or  to  adhere  to  a  limit  at  every 
point  because  at  all  but  one  or  two  points  there  is  little  difficulty 
in  so  doing.     If  at  such  exceptional  points  a  large  expenditure 
is  necessary  to  adhere  to  it,  the  expenditure  should  not  be  made 
without  a  correspondingly  good  reason.     In  such  a  case  we  are 
justified  in  making  a  moderate  additional  expenditure  for  the 
mere  sake  of  a  uniformity  which  may  prove  advantageous  for 
operating  certain  engines  or  for  certain   high   speeds;  but  it 
should  in  general  be  a  very  moderate  one. 

882.  In  view  of  the  ever-present  danger  of  overloading  the 
capital  account  of  new  enterprises,  the  better  course  in  such 
cases  is  to  build  a  light  bold  line  for  a  short  distance,  laid  out 
with  the  idea  that  it  may  be  subsequently  improved  if  desired, 
and  if  means  exist  for  doing  it,  in  the  manner  elsewhere  dis- 
cussed (par.  283  et  a/.). 

Nevertheless,  it  is  not  true  that  the  conclusions  summarized 
above  do  not  warrant,  under  all  ordinary  circumstances,  the 
maintenance  of  a  reasonable  and  moderate  limit  of  curvature  ; 
considerably  more  favorable,  if  their  spirit  be  closely  adhered 
to,  than  has  been  adopted  without  adequate  necessity  on  many 
lines.  For,  although  each  of  the  conclusions  specified,  taken 
separately,  does  not  warrant  the  fixing  of  arbitrary  limits  to  be 
adhered  to  at  large  expense,  yet  they  do  in  the  aggregate  indi- 
cate, as  common-sense  also  indicates,  that  reasonably  easy  curva- 
ture is  a  matter  of  much  absolute  although  possibly  of  small  rela- 
tive importance. 
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883.  The  true  conclusions  to  be  drawn  may  perhaps  be  better 
put  in  this  way  : 

8.    That  A  STANDARD    HARMONIZING  WITH    THE  NATURAL  TOPO- 
GRAPHICAL CHARACTERISTICS    AND    READILY    ADAPTABLE   TO    THEM 

is  the  only  right  and  proper  one,  until  the  topography  becomes 
so  rugged  that  the  physical  limit  of  the  capacity  of  the  locomo- 
tive, of  the  class  and  at  the  speeds  practically  required,  begins  to 
be  approached.  This  is  true  both  in  letter  and  in  spirit,  and 
should  be  rigidly  adhered  to.  When  so  adhered  to  it  will  rarely 
cause  embarrassment,  for  there  is  usually  a  certain  natural  limit 
of  radius  which  can  be  obtained  without  much  difficulty  or 
expense,  and  except  in  extremely  rugged  mountainous  regions 
t^is  limit  will  rarely  be  a  high  one.  This  implies  that  the 
limit  should  be  varied  from  point  to  point  along  the  line,  as 
the  general  character  of  the  topography  varies,  and  the  sharp 
curvature,  so  far  as  possible,  bunched. 

884.  In  proportion  as  the  natural  limit  of  radius  is  favorable 
the  justifiable  expenditure  to  obtain  a  still  more  favorable  limit 
<lecreases  rapidly,  and  it  can  never  be  amiss  to  bear  in  mind  that 
there  is  no  case  on  record  where  a  railway  has  been  brought  to 
bankruptcy  by  the  expenses  resulting  from  sharp  curvature,  nor 
is  there  any  likelihood  that  there  ever  will  be  such  a  case,  while 
the  instances  are  many  where  companies  have  been  bankrupted 
by  their  expenditures  to  obtain  easy  curvature.  Hence,  since 
the  money  of  even  the  richest  corporations  is  limited,  and  in  the 
case  of  new  roads  almost  always  more  limited  in  proportion  to 
its  needs  than  its  over-sanguine  projectors  have  any  idea  of,  true 
wisdom  requires  that  the  available  capital  should  first  be  devoted 
to  the  really  important  ends — ^getting  close  to  and  well  into  the 
large  towns,  getting  suitable  terminal  facilities,  getting  low 
grades,  building  what  is  buill  welly  protecting  the  public  and  the 
railway  company  at  once  from  danger  and  loss  by  proper  inter- 
locking apparatus  at  grade  crossings,  or  by  under-  and  over-cross- 
ings, rather  than  by  expenditures  for  some  fanciful  standard  ot 
curvature,  which  probably  makes  the  largest  addition  to  the  cost 
of  construction  of  any  detail  and    (for  any  change  within  the 
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power  of  the  engineer  at  any  cost  whatever)  the  smallest  additioa 
to  either  the  safety  or  economy  of  operation. 

885i  The  argument  in  favor  of  adapting  curvature  to  the  nat- 
ural topography  of  the  country  is  greatly  strengthened  by  the 
fact  that  sharp  curves  frequently,  if  not  universally,  render  pos- 
sible LOWER  RULING   GRADIENTS  IN  DIFFICULT  COUNTRY  and  oftCn 

permit  the  use  of  otherwise  favorable  routes  which,  without  this 
concession  to  natural  conditions,  would  be  wholly  impracticable. 
The  writer  could  readily  mention  a  number  of  important  in- 
stances of  the  kind  from  his  own  experience. 

886.  But  because  other  ends  are  more  important,  this  is  not 
therefore  unimportant.  Becauseit  is  unjustifiable  to  expend  any 
large  proportion  of  the  available  capital  for  this  end,  it  does  not, 
follow  that  a  very  large  proportion  of  the  time  given  to  surveys 
should  not  be  devoted  to  it.  Almost  invariably  it  should  be,  and 
the  engineer  who  finds  himself  in  rough  country  devoting  little 
thought  and  time  to  saving  every  degree  of  curvature  possible 
may  be  tolerably  sure  that  he  has  fallen  into  that  most  danger- 
ous fault — blindness  to  its  undoubted  and  great  disadvantages. 

887,  It  is  so  important  that  the  proper  course  in  respect  to  fixing  ar- 
bitrary limits  of  cur\'ature  should  be  so  plain  as  to  be  fully  understood, 
that  we  may  profitably  add  a  word  as  to  the  specific  manner  in  which 
these  conclusions  arc  frequently  violated,  and  the  error  in  doing  so. 

Many  thousands  of  miles  on  this  and  other  continents  have  been  built 
on  standards  of  grades  and  curvature  closely  approximating  to  this : 

1.  No  grade  shall  under  any  circumstances  exceed  60  ft.  per  mile. 

2.  No  curve  shall  under  any  circumstances  exceed  6®.     But, 

3.  These  limits  may  be  freely  used  in  combination  with  each  other; 
i.e.,  6°  curves  may  be  inserted  in  unreduced  60-ft.  grades. 

This  precise  standard  has  been  perhaps  more  used  in  this  country  than 
any  other  one  combination.  It  was  used  on  the  Erie,  the  Cincinnati 
Southern,  the  Chesapeake  &  Ohio,  the  Blue  Ridge  of  South  Carolina,  and 
a  long  list  of  other  roads  of  less  engineering  pretensions;  having  been 
copied  from  one  to  another,  apparently,  without  much  regard  to  topo- 
graphical requirements — perhaps  because  the  round  figures  and  the  al- 
literation of  the  6's  had  a  certain  charm.  Far  less  defensible  combina- 
tions have  been  the  rule  throughout  the  vast  expanse  of  the  Mississippi 
Valley  from  the  causes  alluded  to  on  page  6 — such  as  2°  or  3"*  or  4"  limits 
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of  curvature  with  40  to  80  ft.  grades  (0.8  to  1.5  per  cent);  but  it  should  be 
added  that  in  general  the  topography  favors  long  radii,  and  the  chief  error 
has  been,  not  the  radius  of  curvature,  but  the  reckless  sacrifices  of  gradi- 
ents to  save  degrees  of  central  angle. 

888i  We  have  already  determined  (par.  825)  that  the  use  of  unreduced 
curvature  on  a  maximum  grade  is  never  defensible.  Except  that  it  has 
been  done  in  such  repeated  instances  and  on  so  large  a  scale,  it  would  seem 
incredible  that  any  one  could  spend  large  sums  of  money  to  keep  curva- 
ture down  to  6°,  and  grades  down  to  60  ft.  per  mile,  and  yet  pile  one  upon 
the  other  freely,  giving  in  effect  a  75-ft.  grade.  We  may  more  clearly  see 
the  folly  of  it  by  an  example  from  humble  life.  Suppose  some  plain  coun- 
try fanner  should  find  that  his  team  could  just  draw  him  up  a  steep  hill 
through  mud  a  foot  deep,  and  should  forthwith  draw  two  conclusions — 
that  it  could  not  draw  him  up  any  steeper  hill  without  any  mud,  nor 
through  any  deeper  mud  without  any  hill :  should  we  not  think  the  man 
less  intelligent  than  the  beasts  he  drove  ?  Yet  this  is  precisely  what  has 
been  done,  and  to  some  extent  is  still  done,  on  thousands  of  miles  the 
world  over,  by  engineers  of  standing. 

889i  Passing  this  error  as  no  longer  likely  to  be  committed,  let  us 
consider  the  propriety  and  effect  of  the  joint  standard  of  60  ft.  per  mile 
and  REDUCED  6°  curves  maxima : 

A  60  ft.  per  mile  grade  is  1.14  per  cent.  If  we  may  use  6°  curves  on 
such  grades  by  reducing  them  to  0.96  or  0.84  per  cent  (0.03  to  0.05  per 
cent  per  degree  com penst ion),  which  is  the  largest  compensation  used  by 
those  who  adopt  such  standards,  why  should  we  not  feel  free  to  use  some 
sharper  curves  with  more  compensation,  or  on  a  dead  level,  if  we  can 
thereby  save  some  money  to  put  where  it  will  do  more  good  ? 

890.  The  answer  can  only  be  one  of  four  reasons  : 

1.  A  7°  or  8°  or  10°  curve  of  equal  angular  length  will  be  so  much 
more  costly  in  wear  and  tear,  that  on  no  single  curve  can  the  saving  m 
cost  for  construction  pay  for  the  loss  therefrom.    Or, 

2.  A  few  such  curves,  even  if  fully  compensated,  will  in  some  unex- 
plained way  so  limit  trains  that  the  same  engine  cannot  do  the  same 
work.     Or, 

3.  They  will  cause  such  loss  of  time  from  slowing  up  (and  certainly 
require  slowing  up)  that  a  loss  of  speed  involving  greater  loss  of  traffic 
than  the  value  of  any  possible  saving  will  result.     Or, 

4.  They  are  so  exceedingly  unsafe  to  operate,  compared  with  a  6*, 
that  in  no  case  can  the  additional  danger  therefrom  be  repaid  by  an  ade- 
quate economy  m  construction* 

42 
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891.  There  is  no  escape  from  accepting  one  or  more  horns  of  this 
double  dilemma  if  such  a  standard  is  to  be  justified  at  all ;  and  probably 
no  man  would  have  the  hardihood  to  attempt  to  maintain  any  one  of  them 
for  explicit  reasons  given.  It  is  not  thus  that  such  utter  and  evident 
blunders  as  this — which  simply  to  state  their  nature  clearly  is  to  con- 
demn— have  come  about ;  but  rather  by  the  vague  process  of  jumping  at 

conclusions  outlined  in  p&r.  245 — that  ''the Railway  is  to  be  iirst- 

class ;"  that  "  nothing  over  6^  curvature  is  generally  considered  first- 
c'ass  :"  ergo,  etc.  etc  The  fact  that  most  of  the  great  trunk  lines  have 
S~  to  10'  curves  fTable  116),  and  that  the  lines  which  have  set  up  such 
purely  arbitrary  standards  have  been  to  a  very  lai^e  extent  lines  of 
a  secondary  class,  increases  the  obviousness  of  the  error  committed. 
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CHAPTER  XX. 

THE   CHOICE  OF   GRADIENTS,    AND   DEVICES  FOR  REDUCING   THEM. 

892t  We  have  seen  clearly  enough  in  preceding  chapters  that 
the  gradients  are  the  one  thing  among  the  purely  engineering 
details  on  which  the  engineer  should  concentrate  his  attention, 
subordinating  them  only  to  the  end  of  reaching  the  sources  of 
traffic,  if  even  to  that. 

We  have  seen  also,  in  Chap.  XVII.,  that  the  use  of  assistant 
engines  for  short  distances  with  low  ruling  grades  elsewhere,  is 
generally  preferable  to  a  uniform  through  grade,  both  topo- 
graphically and  financially;  for  the  reason  that,  do  the  best  we 
can,  a  uniform  grade  must  usually  approximate  pretty  closely  to 
the  rate  of  the  pusher  grade  if  it  passes  over  the  same  summit, 
and  by  adopting  it  we  throw  away  the  advantage  of  the  low  grades 
on  all  the  rest  of  the  line,  which  may  be  had,  as  it  were,  for  nothing. 

893t  Having  recognized  these  abstract  truths,  however,  the 
next  thing  is  to  apply  them,  and  here  we  pass  beyond  the  point 
where  specific  instructions  can  be  easily  given,  since  the  circum- 
stances will  vary  on  every  line.  A  great  part  of  the  danger  of 
error  has  been  overcome  when  the  comparative  importance  of 
the  various  details  has  been  realized,  but  even  with  that  advan- 
tage the  inexperienced  engineer  is  almost  certain  to  conclude 
that  a  certain  grade  is  the  lowest  attainable,  when  with  longer 
practice,  or  more  skill,  or  harder  work,  or  less  self-confidence, 
he  would  readily  obtain  grades  a  third  or  a  half  lower  at  the 
same  cost,  and  not  unfrequently  at  less  cost. 

894^  There  is,  however,  one  general  rule,  which  directly  re- 
sults from  what  has  preceded,  and  which  comes  so  near  to  being 
an  infallible  guide  for  the  correct  projection  of  lines  in  the  field 
that,  as  a  rule,  the  engineer  should  follow  it  strictly,  deviating 
from  it  only  for  very  good  reason,  viz.: 
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Follow  that  route  which  affords  the  easiest  possible  grades  for 
THE  LONGEST  POSSIBLE  DISTANCES,  usiug  to  that  end  such  amounts  of 
distance,  curvature^  and  rise  and  fail  as  maybe  necessary^  and  then  pass 

OVER  THE  INTERVENING  DISTANCES  ON   SUCH   GRADES  AS  ARE    THEN 
FOUND  NECESSARY. 

This  law  is  to  be  applied  with  intelligence  and  not  pushed 
too  far,  but  so  far  as  there  can  be  said  to  be  any  universal  and 
fundamental  law  for  location,  this  is  such  a  law. 

895.  When  the  higher  grades  are  in  danger  of  exceeding  2  per 
cent  or  2^  per  cent,  it  is  to  be  accepted  only  with  great  cau- 
tion, and  anything  beyond  3  per  cent  will  be  probably  bad  prac- 
tice, except  in  very  mountainous  country.  As  a  line  falls  below 
100  miles  in  length  the  economy  of  using  pushers  decreases,  and 
^he  practical  advantage  of  a  uniform  gradient  increases. 

Accepting  this  general  rule  as  an  axiom,  our  problem  then 
divides  itself  into  two  parts: 

1.  How  to  obtain  the  lowest  possible  low  grades. 

2.  What  to  do  as  to  the  rates  of  the  high  grades. 

HOW    TO    PROJECT    LOW    GRADES. 

896.  Considerinpj  only  a  naturally  low-grade  country  with  no  long- 
continued  ascents  to  encounter,  but  only  a  more  or  less  rolling  topog- 
raphy, three  fourths  of  almost  every  line,  or  of  the  part  thereof  lying  in 
such  low  country,  will  naturally  admit  of  an  extremely  low  gradient,  if 
some  considerable  lateral  deviations  to  throw  the  line  into  a  generally 
favorable  country  are  considered  admissible,  as  they  ought  to  be,  so  that 
such  alternates  between  any  two  points  as  those  sketched  to  a  rude  ^cale 

in  Fig.  193  arc  considered 
as  prima  facie  equally  eli- 
gible. To  obtain  the  same 
grades  on  the  remaining 
fourth  will  often  involve 
some  disagreeable  sacrifices,  especially  when,  as  so  often  in  the  Western 
States,  we  can  take  an  air-line  by  accepting  i  per  cent  or  \\  per  cent 
<T;rades,  if  we  are  foolish  enough  to  do  so. 

These  disagreeable  sacrifices,  however,  ought  ordinarily  to  be  met, 
even  to  the  extent  of  doubling  the  distance  on  one  quarter  of  the  line  if 
we  can  thereby  reduce  the  grades  to  half  as  high  a  rate.    We  shall  then 
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simply  have  a  line  \\2\  miles  long  with  0.5  per  cent  grades,  as  against  a 
line  100  miles  long  with  i.o  per  cent  grades.  The  former  is  immensely 
preferable  from  every  point  of  view.  But  usually  a  sn^aller  sacrifice  will 
make  a  greater  gain. 

897i  Let  us  consider,  for  example,  the  case  of  a  long,  low  ridge  or 
swell  in  a  generally  flat  country,  which  cannot  be  run  around  at  all,  by 

any  device,  since  it  continues  indefinitely.    Assume 
Q\        this  swell  to  be  three  miles  across  and  50  feet  high 
by  the  grade-line,  after  making  as  large  cuts  and 
fills  as  seem  expedient  at  A,  B,  C,  and  Z>,  Fig. 
194.     A  tangent  over  this  ridge  will  give  the 
profile  shown  in  Fig.  195,  with  two  miles  of  i 
per  cent  grade  and  a  mile  of  level  interven- 
ing.   The  exaggerated  vertical  scale  makes 
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Fig.  195. 
Plan  and  Pkofilb  of  a  Bkbak  in  a  Long  Tangent  to  pass  over  a  Long,  Low  Ridge  in 

Flat  Country. 

the  rise  seem  considerable,  but  on  the  ground  it  will  be  hardly  percep- 
tible to  the  eye  as  an  objectionable  feature  to  the  railway  line. 

This  is  especially  likely  to  be  the  case  because  the  ground  approach- 
ing such  a  rise  will  not  ordinarily  be  on  a  dead  level,  but  is  more  likely 
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to  have  about  half  as  steep  a  rise,  perhaps  for  a  long  distance  back,  giv- 
ing a  long  0.5  grade  approaching  the  ridge.  This  we  will  assume  to  be 
the  case,  as  also  that  except  for  this  swell,  and  a  few  others  like  it,  the 
0.5  grade  might  be  the  maximum  of  the  whole  line.  Such  conditions 
have  existed  on  thousands  of  miles. 

898.  Now  to  the  eye  of  a  country  farmer,  and  to  the  eye  of  many  an 
engineer,  perhaps,  who  may  inspect  the  line  during  construction,  as  it 
runs  over  the  surface  of  an  apparently  flat  cornfield,  this  whole  region 
will  seem  practically  a  dead  level.  In  the  first  place,  the  long  0.5  ap- 
proach will  invariably  be  taken  by  the  eye  to  be  a  level,  or  perhaps  even 
(by  well-known  optical  illusion)  a  slight  descent.  This  at  least  takes 
off  a  full  half  of  the  apparent  vertical  angle,  and  hence  of  the  apparent 
height  of  the  ridge ;  and,  more  probably,  there  will  seem  to  be  a  slight 
dip  of  the  ground  toward  the  ridge  and  merely  a  corresponding  rise  be- 
yond it.  In  the  second  place,  even  if  the  approach  were  a  dead  level,  a 
rise  of  only  i  per  cent  in  a  natural  surface  seems  to  the  eye  a  very  small 
thing,  especially  before  the  track  is  laid,  so  that  it  would  seem  ridiculous 
to  turn  four  right  angles  "  for  nothing"  and  lose  two  or  three  miles  of 
distance,  at  the  cost  of  four  such  ugly  curves  through  the  cornfields  as 
are  shown  in  Fig.  194. 

899.  Nevertheless,  under  all  the  given  circumstances,  THAT  IS  pre- 
cisKLV  THK  THING  TO  DO.  The  vcry  fact  of  the  long  0.5  approach, 
which  diminishes  the  visible  necessity,  makes  it  the  more  essential  to  do 
so,  because  it  forbids  us  to  resort  to  the  assistance  of  momentum  to  sur- 
mount the  ridge,  which  othen\Mse,  by  approaching  the  foot  of  it  at  30 
miles  per  hour  and  reaching  the  top  at  10,  would  take  off  (Table  118) 
31.95  -  3.55  =  28.40  vertical  feet,  and  give  us,  out  of  our  i  per  cent 
grade,  a  virtual  profile  of  0.5  per  cent,  with  something  to  spare. 

900.  On  arriving  at  the  point  A,  therefore,  even  if  it  be  with  a  30- 
mile  tani^ent  which  might  be  continued  for  30  miles  more  by  running 
straij^ht  over  the  ridge,  a  sharp  turn  to  the  right  of  something  over  60** 
should  be  made  in  the  flat  cornfield,  on  about  a  3"  curve,  for  the  sole 
purpose  of  lengtiicning  out  the  one-mile  ascent  into  two  miles,  so  as  to 
give  half  the  grade.  To  start  the  curve  A  farther  back,  as  shown  by  the 
clotted  line  ./',  so  as  to  diminish  the  central  angle,  would  do  no  good, 
but  rather  destroy  the  vcry  purpose  of  the  curve,  which  is  \.o gain  dis^ 
tancr  between  A  and  B  and  not  to  reach  B' . 

When  the  line  reaches  B' ,  another  curve  of  6o*  +  ,  in  another  corn- 
field, brings  it  bark  again  parallel  with  itself,  but  nearly  two  miles  off. 
In  a  x\\\\i\  more,  a  third  curve  of  60^+  enables  it  to  descend  the  ridge  on 
the  0.5  maximum  by  losing  another  mile  of  distance,  and  at  Z>  another 
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curve  of  60**+  brings  it  back  to  its  proper  position;  giving  in  all  2  miles 
interpolated  distance  in  a  distance  of  3  miles,  250*^  of  curvature  where 
before  there  was  none,  and — what  would  sometimes  be  the  hardest  blow 
of  all — utterly  ruining  the  60-mile  tangent  which  had  been  run  in  ex- 
actly straight  by  foresights  only ;  and  all  for  the  sake  of  obtaining  a  line 
so  ugly  that  numerous  fingers  of  scorn  may  well  be  pointed  at  it. 

901.  And,  no  doubt,  the  same  end  might  ordinarily  be  accomplished 
in  such  a  case,  in  some  more  pleasing  and  economical  fashion ;  as  by 
striking  the  ridge  obliquely  with  the  line,  or  in  such  manner  that  the 
dotted  line  CB",  Fig.  194,  might  be  used  for  the  descent,  so  as  to  utilize 
raost  of  the  otherwise  waste  distance.  Or,  by  going  further  back  and 
swinging  the  line  at  this  point  10  or  20  miles  to  the  north  or  south,  better 
ground  may  be  obtained  with  less  aggregate  loss  of  distance  (Fig.  193) 
than  on  this  three  miles  alone.  The  instance  has  purposely  been  made 
somewhat  extreme  in  this  respect  to  enforce  the  principle.  But  in  an- 
other sense  it  is  not  extreme.  If  none  of  these  things  can  be  done  to  ad- 
vantage, IF  there  is  nothing  to  be  gained  by  deviating  from  an  air-line  be- 
tween two  points  100  miles  apart,  and  if  this  air-line  will  admit  of  o.  5  grades 
each  way,  except  for  one  or  two  or  three  or  five  or  six  such  ridges  as  that 
described,  then,  as  between  the  air-line  AD,  which  will  give  a  surface-line 
hundred-mile  tangent  on  i  per  cent  grades  and  six  breaks  like  AB'CD^ 
Fig.  194,  which  will  introduce  isoo'' of  curvature  and  lose  12  miles  of 
distance,  and  break  the  hundred-mile  tangent  into  five-and-twenty  pieces, 
but  give  o.  5  per  cent  grades — the  ugly  and  crooked  line  is  beyond  all 
possibility  of  question  in  every  instance  the  line  to  take,  as  of  very  much 
greater  operating  value,  unless  the  line  be  an  exception  to  most  Ameri- 
can roads,  by  having  a  preponderance  of  passenger  traffic,  which  is  both 
large  and  competitive.  Almost  every  general  principle  connected  with 
laying  out  railways  admits  of  more  or  less  doubt,  and  requires  exceptions. 
This  particular  example  admits  of  no  doubt  and  requires  no  exceptions. 

902i  For,  computing  the  values  of  the  losses  and  gains,  we  have — 

Yearly  saving  by  avoiding  an  increase  of  0.5  per 

cent  in  a  0.5  grade,  by  Table  178,  per  daily 

train,  $4,300  X5= $21,500  00 

Per  contra  : 
Cost  of  1 500*  of  curvature  by  Table  1 1 5,  per  daily 

train,  $0,433  x  1500= $649  50 

Cost  of  12  miles  of  distance,  by  Table  89,  per  daily 

train,  $290  x  12  = 3,480  00 —     4*129  50 

Difference,  being  excess  of  value  of  the  low  grade- 
line,  with  SIX  such  breaks  of  tangent  as  is 
shown  in  Figs.  194,  195,^^  ^a/-^/ra/>f, $I7»370  50 
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This  is  equivalent  to  the  addition  of  a  capital  sum  of  nearly  $350,000(311 
5  per  cent)  to  the  value  of  the  property,  or  $3500  per  mile,  per  daily  train. 
For  ten  daily  trains  each  way  the  line  will  pay  interest  on  $35,000  per 
-mile  larger  valuation. 

This  assumes  that  all  trains  are  affected  by  the  difference  ingradients» 
as  by  the  difference  in  other  details.  No  passenger  train,  however,  would 
under  any  circumstances  be  much  benefited  by  the  reduction  of  grade, 
so  that  if  one  quarter  or  one  half  the  trains  are  passenger  trains  the 
estimate  should  be  corrected  correspondingly.  On  the  other  hand,  no 
credit  side  whatever  has  been  assumed  for  the  loss  of  distance,  whereas 
there  must  always  be  some  (par.  227  et  seg.)  and  often  enough  to  wipe  out 
the  debit  side  altogether.  How  the  account  will  then  stand  is  worthy  of 
careful  study. 

903.  This  example  makes  it  clear  that  the  assumption  may  be  still 
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Figs.  196,  197.— Plan  and  Profile  op  a  Brbak  in  a  Loiig  Tangdit  to  OBTAnr  0.4  rn  cnrr 

INSTEAD  OF  X.O  PBR  CBNT  GkADBS. 


more  extreme,  as  by  assuming  that  the  attainable  through  grade,  except 
at  a  few  such  points  as  this,  is  0.4  per  cent.  We  then  have  the  condi- 
tions of  Figs.  196-7,  if  we  are  to  obtain  04  per  cent  in  the  same  way; 
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• 

Che  lateral  deviation  from  the  airline  being  2.39  miles  and  the  loss  of 
distance  at  each  such  point  3  miles,  in  an  air-line  of  3  miles.  Even  in 
that  case  three  or  four  or  even  five  such  points  might  be  stood  before  it 
was  concluded  to  give  up  the  low  grade,  but  at  six  the  loss  of  distance — 
18  miles — would  be  too  great,  threatening  to  discourage  traffic,  and  the 
indication  would  be  very  strong  that  a  different  general  route  should  be 
chosen. 

904»  The  general  principle  which  should  govern  the  laying  out  of 
low  grade-lines  or  sections  of  lines  cannot  be  made  much  clearer  than  by 
these  examples.  The  difficulties  of  obtaining  a  low  grade  are  ordinarily 
confined  to  a  few  points  on  the  section.  Adopt,  then,  the  rate  which  can 
be  obtained  without  much  difficulty  on  three  fourths  or  four  fifths  of  the 
low  grade-iine  or  section,  and  concentrate  attention  on  the  remainder 
with  the  determination  that  the  low  grade  must  be  preserved 
THERE  ALSO,  if  in  any  way  possible.  A  way  will  generally  appear  after 
careful  study,  and  a  very  much  neater  one  than  that  sketched  in  Figs. 
194-197. 

909i  Much  of  the  lamenubly  prevalent  bad  practice  in  such  details  as  we 
have  been  considering  comes  from  the  fact  that  the  line  is  studied  in  detail  only, 
or  bit  by  bit,  and  not  as  a  whole,  as 
it  should  be.  If  we  allow  ourselves 
to  think  only  of  the  three-mile  stretch 
AD,  Figs.  194,  196,  198.  and  think 
of  the  consequence  of  throwing  the 
line  out  to  CS  to  pass  from  A  to 
D,  the  mind  revolts  from  it  at  once. 
The  rectangle  CCB'B,  Fig.  198,  ob-  /' '  ^  N- 


FlG.  S98. 


trades   itself   upon  the  mind  while  '  ^ 

the  project  is  inchoate,  and  thus  the 
mind  is  more  repelled  by  it  than  when  the  complete  line  is  laid  down,  as  may 
be  seen  at  once  by  comparing  Figs.  198  and  194,  which  are  really  "  similar"  to 
each  other,  although  they  do  not  look  it.  If  the  mind  were  able  to  take  in  in 
due  proportion  the  vastly  greater  distances  on  each  side  which  are  not  injuri- 
ously affected  at  all,  while  they  are  made  passable  for  twice  as  heavy  trains  there- 
by, the  objections  to  the  deviation  would  at  once  begin  to  fade  away.  But  this  the 
mind  cannot  do  without  some  assistance,  which  is  one  of  the  many  reasons  why 
SMALL  SCALE  maps  and  small  scale  profiles  should  be  kept  up  during  the  prog- 
less  of  surveys  with  even  greater  care  than  those  on  working  scales. 
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HOW    TO   PROJECT    PUSHER   GRADES. 

906.  Suppose  that  instead  of  there  being  five  or  six  such  low 
ridges  as  that  shown  in  Figs.  194  or  196,  scattered  irregularly 

over  the  division,  there  is 
only  one,  but   six  times  as 
high,  as  sketched  in  Fig.  199. 
^^°-  '99.  Fig.  196  may  still  serve  as  a 

map  of  such  a  point.     As  between  the  air-line  and  the  bowed 
line,  IF  EACH  IS  TO  BE  OPERATED  IN  THE  SAME  WAY,  the  case  is  not 
affected  in  the  slightest  by  the  greater  height  of  the  ridge  and 
length  of  the  lines  AB'  and  C^D,    The  bowed  line  is  much  the 
best.     The  bunching  of  the  obstacles  at  one  point  does  make 
this  difference,  however,  that  there  is  now  a  rational  choice  in 
favor  of  assistant  engines.    For  any  considerable  traffic  the  short 
line  with  pusher  grades  will  be  very  probably  the  better.    The 
volume  of  traffic  makes  a  difference  in  two  ways :  First,  the  as- 
sistant  power  can    be  more  exactly  adapted  to  requirements; 
second,  a  heavy  traffic  is  almost  sure  to  be  largely  competi- 
tive, thereby  diminishing  the  credit  side  to  the  value  of  dis- 
tance. 

Pusher  grades  may  be  divided  into  two  classes,  each  of  which 
requires  different  treatment  and  will  be  considered  separately  : 

1.  Those  surmounting  low  elevations  by  the  easier  gradients. 

2.  Those  making  long  ascents  (say  over  700  or  800  feet)  on 
rates  which  must  be  conspicuously  more  severe  than  the  through 
grades  on  either  side,  as  where  i^-  per  cent  grades  or  over  are 
required. 

PUSHER  GRADES  ON  EASY  GRADIENTS. 

907.  When  it  is  seen  that  the  use  of  pushers  is  unavoidable  if  a  low 
through  grade  is  to  be  obtained,  the  first  question  which  arises  is :  Which 
is  to  be  the  limiting  gradient, — the  low  through  grade  operated  by  one 
engine,  or  the  pusher  grade  operated  by  two  engines?  Ordinarily  it 
will  be  the  pusher  grade,  for  two  reasons: 

I .  The  lower  pusher  grades  must  be  reduced  in  rate  nearly  twice  as 
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bst  as  the  through  grades  to  keep  the  balance  equal,  as  is  evident  from 
the  following  figures,  taken  from  Table  182  : 

rhrougfa  Grade....      Level         o.i  0.2         0.3         0.4         as         0.6 

hisher  Grade 0.38         0.57        0.76       0.95        1.12        1.29        1.47 

Hfferences *o.i9        0.19        0.19        0.17        0.17        0.18 

*or  a  uniform  difference  in  through  grade  of  o.  10. 

It  will  usually  be  very  much  easier  to  reduce  the  through  grades, 
lomplicated  by  no  high  elevations,  from  0.6  to  0.4,  than  to  reduce  the 
orresponding  pusher  grade  from  1.47  to  1.12,  especially  as  the  through 
^rade,  from  the  nature  of  the  case,  will  be  mostly  in  short  undulations  ; 
md  hence, 

2.  The  influence  of  momentum  (par.  397  et  seq.,  and  see  also  close 
>f  this  chapter)  will  frequently  assist  greatly  in  reducing  the  virtual 
through  gradients  below  the  nominal  maximum,  or  can  be  made  to ; 
irhereas  long  pusher  grades  must  be  taken  at  their  actual  rate. 

908.  Assuming,  therefore,  the  pusher  grade  to  be  the  one  that  fixes 
the  virtual  gradient  of  the  whole  line  or  division,  all  that  has  been  said 
above  about  reducing  through  grades  applies  to  it  in  an  intensified  de- 
gree. The  saving  of  distance  or  curvature  should  be  wholly  subordi- 
nate to  the  end  of  reducing  the  rate  of  grade  to  the  lowest  limits,  taking 
care,  however,  not  to  introduce  development  which  adds  so  much  to  cur- 
vature that  the  compensation  destroys  nearly  all  the  gain.  A  resource  in 
extreme  instances  may  be  to  introduce  a  temporary  sag  in  a  grade-line, 
as  described  in  par.  832.  Sharp  curvature,  if  absolutely  unavoidable, 
should  be  used  here,  if  nowhere  else. 

In  this  way  reductions  of  grade  which  are  far  beyond  the  apparent 
possibilities  may  often  be  secured.  If  the  engineer  who  has  at  last 
secured  what  he  thinks  the  best  the  country  admits  of,  will  then  throw 
aside  all  his  preconceived  impressions,  and  start  in  afresh  with  the  idea 
that  he  is  all  wrong,  and  might  reduce  his  grade  o.i  per  cent  or  more  as 
well  as  not,  if  he  went  about  it  right,  the  chances  are  many  to  one  that 
he  will  not  be  disappointed,  and  reductions  rising  to  even  0.3  to  0.5  per 
cent  may  sometimes  be  obtained  without  a  dollar  of  extra  cost,  by  ab- 
surdly simple  means,  as  in  the  instance  described  below,  and  illustrated 
in  Fig.  200,  which  was  the  key-note  for  a  reduction  of  a  2  per  cent  grade 
some  15  miles  long  to  a  1.5  per  cent  grade,  with  a  cheaper  line. 

909*  In  the  case  illustrated  in  Fig.  200  a  located  line  aaa  had  first  been 
nu).  on  a  2  per  cent  grade,  through  a  most  attractive  saddle  A  over  which  the 
maim  highway  already  ran,  requiring  a  short  tunnel  of  about  1000  ft.     The  sum 
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mit  of  the  grade  was  but  a  sboit  diaunce  back,  and  ^wai  approached  bjatSHk 
lighter  grade;  but  accepting  ^  ai  a  finality.  It  wai  ntterly  impowible  to  find  n^ 
porting  ground  for  the  grade  at  a  laddie  about  4  miles  below  A  with  a  In 
grade  thao  a  per  cent.  The  grade  was  in  all  tome  3o  miles  Umg,  ia  twoafr 
cessive  lections  of  9  and  6  miles,  respectively,  with  some  little  broken  gndtb 
termixed.  ' 


1  indicated  (i)  that  except  over  this  atretch  at  the  head  of  the 
grade  there  would  be  no  serious  difficulty  in  reducing  the  whole  grade  to  i.jpci 
cent,  and  (z)  ihat  the  only  chance  for  reducing  it  above  was  by  gaining  develop- 
ments around  the  hill  DG.  The  very  capable  and  experienced  engineer  who 
had  made  the  first  localioa  was  therefore  instructed  that  the  hill  must  be  turned 
if  possible.  He  ran  the  line  bbt,  accordingly,  to  tlie  point  £,  tamed  amaxlmnni 
curve  K,  and  reported  il  absolutely  impossible  to  mm  the  htU,  without  two  very 
high  viaducts  over  ihe  deep  gorge  //  and  a  tunnel  M  X. 

This  looked  plausible  on  the  ground,  if  it  docs  not  on  the  map.  Standing 
at  L  there  was  an  abysmal  gorge  below,  a  precfiritaus  knife-edge,  G.  of  soft 
rock  above,  and  the  smoother  side  of  the  hill,  il,  wholly  Invliible  uid  almoK 
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iBaccessible,  but  known  to  be  very  steep.  Really,  however,  there  was  no  diffi- 
culty. Running  an  approximate  line  EM  from  below,  and  connecting  across 
the  top  of  the  hill,  it  was  found  that  the  entire  line  could  be  fitted  closely  to  a 
Keep  side-hill  except  for  one  deep  rock  cut  at  G  so  very  narrow  in  proportion 
to  its  height  that  a  single  heavy  blast  would  remove  it  all  at  once.  This  threw 
the  line  nearly  100  ft.  lower  at  E^  saved  the  tunnel  A,  and  g^ve  much  better 
pt>and  below  as  well,  while  enabling  the  1.5  grade  to  be  easily  obtained. 

It  is  especially  important  to  exhaust  all  such  possibilities  on  low  and  short 
pusher  grades  (down  to  the  limit  which  balances  the  lowest  attainable  through 
grade),  because  the  use  of  two  pushers,  or  still  less  the  breaking  up  of  trains,  is 
rarely  expedient,  as  it  often  is  on  the  longer  and  higher  pusher  grades,  which 
we  will  next  consider. 

LONG   PUSHER   GRADES   ON    HEAVY   GRADIENTS. 

910.  This  second  class  of  pusher  grades  should  ordinarily  be 
studied  by  themselves,  quite  apart  from  the  remainder  of  the 
line.  Their  cost,  both  for  construction  and  for  operation,  will 
be  a  leading  factor  in  the  finances  of  the  line,  and  hence  should 
be  a  controlling  factor.  They  are  sufficiently  prominent  features 
in  the  operation  of  the  line  to  enable  the  motive-power  to  be  well 
adapted  to  the  requirements  of  the  gradients,  whatever  they  may 
be. 

911.  These  causes  favor  the  adoption  of  low  rates  of  grade  for 
such  a  line: 

I.  As  the  gradients  rise  above  2  per  cent  the  loss  of  net  haul- 
ing capacity  becomes  more  serious,  owing  to  the  weight  of  the 
engine  and  tender,  and  (for  freight  trains)  caboose,  becoming  a 
larger  and  larger  factor,  as  shown  in  Table  189,  p.  688.  From 
Table  170  we  see  that  on  grades  differing  by  i  per  cent  the  net 
hauling  capacity  is — 


Grade 
percent. 

Net  tons  load 
for  Si'nd. 
American  engine. 

Per  cent 

(3  per  cent 

grade  —  zoo). 

Grade 
per  cent. 

Net  tons  load 

for  St*Dd. 

American  engine. 

Per  cent 
(a  per  cent 
grade  =s  soo). 

1.0 
3.0 

3.0 

193 

iiS 

193.2 
1 00.0 
61.46 

4.0 
6.0 

78 

S3 
36 

40.62 
27.60 

18.7s 

2.  The  lower  grade  (if  obtained  by  development)  not  only  re- 
duces the  cost  of  operation,  but  increases  the  revenue  somewhat, 
by  giving  a  larger  mileage.     On  some  costly  lines  of  thin  non- 
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competitive  traffic  this  may  justly  be  regarded  as  an  additional 
advantage  from  a  low  grade.  On  other  lines  it  might  be  an  al* 
most  unmixed  disadvantage. 

3.  As  grades  rise  above  2  per  cent  or  2^  per  cent,  such  great 
caution  has  to  be  used  to  keep  trains  under  full  control,  both  in 
going  up  and  down,  as  to  add  considerably  to  the  theoretical 
disadvantage,  both  in  loss  of  time  and  danger  of  accident. 

4.  A  lower  grade  will  often  be  found  to  lie  on  such  ground  as 
to  decrease  rather  than  increase  the  total  cost  per  mile  to  sub- 
grade  (as  we  have  just  seen  in  par.  909),  so  that  the  difference  in 
cost  of  a  low-grade  or  high-grade  line  will  be  at  the  most  not 
great. 

5.  A  large  portion  of  a  continuous  descent  will  often  not  ad- 
mit of  using  a  higher  grade  than  a  certain  rate.  It  then  becomes 
a  regrettable  sacrifice  to  use  a  higher  grade  elsewhere  on  the 
same  descent,  although  if  the  grade  be  long,  traffic  small,  and 
difference  of  cost  great,  it  should  be  done. 

912.  The  Jalapa  line  between  Vera  Cruz  and  Mexico,  described  in 
Appendix  C  and  its  accompanying  plates,  is  a  good  example  of  the  effect 
of  every  one  of  these  causes  favoring  low  grades.  On  the  first  30  kilo- 
metres (20  miles)  of  the  descent  from  the  summit,  although  a  slightly 
steeper  than  2  per  cent  grade  might  have  assisted  somewhat,  a  4  per  cent 
grade  would  have  thrown  the  line  so  low  as  to  bring  it  on  much  worse 
ground. 

913.  The  descent  from  Tepic  (see  par.  917),  on  which  the  spiral  oc- 
curs, shown  in  Figs.  207,  208,  is  a  good  illustration  of  the  fifth  ause 
above.     From  the  summit  down  to  the  foot  of  the  spiral  more  than  the 
adopted  rate  of  2.6  per  cent  could  not  possibly  be  used,  except  by  throw- 
ing away  elevation  with  level  stretches,  since  that  grade  brought  the  line 
down  to  the  very  bed  of  the  stream  under  the  viaduct.    The  same  grade, 
in  the  main,  fitted  the  bed  of  the  stream  very  well,  although  for  5  or  6 
miles  it  was  necessary  to  hold  up  above  the  bed  somewhat  at  some  expense. 
As,  therefore,  there  were  only  some  5  or  6  miles  out  of  the  30  miles 
of  2.6  grade  (broken  by  some  short  unavoidable  levels  below)  in  which 
the  descent  of  3000  feet  to  sea-level  was  made,  it  would  have  been  an  un- 
warrantable sacrifice  to  break  the  grade  on  the  short  stretch,  where 
(only  by  raising  it  to  about  4  per  cent)  some  appreciable  economy  might 
be  realized,  even  for  the  thin  traffic  expected. 


.J- 
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914.  The  following  causes  favor  the  selection  of  high  rates 
of  grades  for  such  sections  of  line: 

1.  It  usually  very  much  reduces  the  cost  of  construction 
which  is  probably  high  at  best — a  consideration  of  great  impor- 
tance (par.  29). 

2.  If  the  rate  of  a  higher  grade  can  be  maintained  unbroken, 
sc  that  its  length  is  decreased  in  proportion  as  its  rate  is  increased^  the 
total  motive-power  is  not  increased  (Table  181  and  par.  747) 
even  if  the  total  length  of  the  line  between  termini  is  not  de- 
creased by  the  higher  grade,  i.e.,  if  the  respective  profiles  be- 
tween the  two  termini  are  as  in  Fig.  201.  If  the  lower  grade 
is  only  to  be  obtained  by  interpolated  distance,  so  that  the  foot 
of  both  the  low  grade  and  high  grade  falls  at  nearly  the  same 
point,  the  advantage  in  motive-power  needed  is  still  more  in 
favor  of  the  high-grade  line. 

3.  The  loss  by  multiplication  of  trains  and  train-wages, 
which  is  otherwise  so  very  serious 
on  high  grades,  is  obviated  in  part 
by  using  two  or  three  engines  per 
train,  which  it  is  not  practicable 
to    do  with  heavy  through   trains  ''°*  ***• 

over  a  whole  division.  This  advantage  is  to  be  assumed  with 
caution,  however,  as  within  the  extreme  limits  of  choice  which 
the  engineer  has  ordinarily  before- him  (say  not  over  i  per  cent 
in  most  cases)  the  same  number  of  engines  per  train  can  be  used 
on  either  the  highest  or  the  lowest  rate. 

915.  4.  The  case  is  much  stronger  in  favor  of  high  grades 
when  the  low  grade  is  only  to  be  obtained  by  hanging  on  a 
rough  side-hill  as  against  lying  in  the  bed  of  a  stream,  or  with 
other  great  contrasts  in  facilities  of  construction,  as  in  the 
St.  Gothard  Railway,  where  a  low  grade  was  obtained  only  by 
the  desperate  expedient  shown  in  Figs.  202  to  206: — turning 
spiral  tunnels  into  the  solid  rock  and  thus  introducing  so  much 
pure  development  between  the  same  termini,  so  that  a  higher 
grade  would  have  shortened  the  pusher  runs  almost  exactly /r^ 
rata,  and  left  thq  same  amount  of  motive-power  required  for  the 
passage  between  termini  in  either  case.  On  the  Italian  side  of 
the  mountain,  indeed,  these  spirals  appear  to  have  been  an  en- 
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tircly  superfluous  luxury  (see   note  to  Figs.  ao2-3o6  on  page 
following  them),  not  even  serving  to  reduce  the  grades. 

Apart  from  the  cost  of  these  spirals,  had  the  grade  been  higher 
it  would  have  lain  for  a  considerably  larger  portion  of  its  length 
nearer  to  the  bottom  of  the  valley,  and  hence  on  better  grouod 

The  St.  Gothard  line,  therefore,  furnishes  a  good  example, 
although   certainly   not  an   extreme  example,  of  unjustifiable 
adoption  of  low  grades.     It  is  mag- 
nificent, but  in  this  detail  of  its  loi 
lion  it  is  not  engineering,  because  it 
does  not  accomplish  the  desired  end 
in  the  most  economical  way. 


Figs,  soj-j.— Pkofilb  of  St.  Ganti 
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>>f  the  Mexican  Central 

.le  coast  flats.      Several 

■  practical  line,  which  are 

Fig.  207,  but  without  any 

edge  gained  in  the  previous 

\  and  pushed  to  a  successful 

•jr  half  in  the  estimated  quanti- 

..  were  these: 

.  i  3  metres,  or  3035  feet,  above  the 

therefrom,  half  of  which  is  a  dead 

>  that  the  entire  rise  would  have  had 
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-.1  (as  it  flows  in  an  entirely  wrong  direc- 

:i)  and  strikes  across  into  the  valley  of  the 

'II  Pass,  marked  ''controlling  summit"  on 

J I  (795  metres)  above  the  sea. 

.IS  on  less  than  a  2  per  cent  grade  and  offered 

sdme  heavy  work  and  affording;  views  of  great 

:  Liffged  and  abrupt  descent  to  the  coast  fiats. 

untrolling   pass  into  the  valley  of   the  Ingenio 

\im  in  Fig.  207  which  the  line  follows  below  the 

was  encountered,  that    the    fir»t   descent  was   ex- 

.iir-line  distance  of  two  miles,  from  the  controlling 

liand  comer  of  the  spiral  in  Fig.  20S.  there  was  a  de- 

Moreover,  the  valley  of  the  Ingenio.  while  entirely 

1  or  very  near  to  the  bed  of  the  stream,  had,  for  many 
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Figs.  202  and  204  are  profiles  of  the  bed  of  the  valleys  approaching  the  Sl 
Gothard  tunnel,  with  the  scale  shown  in  miles.  On  the  Italian  side  of  the 
mountain  the  bed  of  the  stream  was  broken  by  cataracts,  and  it  will  be  seen  by 
the  dotted  grade-lines  plunging  below  the  river-bed  that  by  simply  developing 
the  spiral  tunnels  into  straight  ones,  adding  nothing  to  their  length,  the  same 
grade  up  the  mountain  would  have  been  obtained  with  a  material  saving  of  dis. 
tance  and  curvature,  and  hence,  of  course,  of  cost.  Such  a  straight  tunnel 
would  start  in  at  the  lower  portal  of  the  fifth  rising  curve,  near  A',  Fig.  205,  and 
take  a  straight  course  through  the  words  '*  Fig.  205"  to  a  point  beyond  the  limits 
of  Fig.  205,  where  it  would  again  emerge  into  the  valley,  requiring  a  tunnel  of 
a  trifle  over  3  miles  long,  or  about  what  there  is  now  0/  tunnel  on  the  same 
stretch,  saving  all  the  other  work  and  distance.  The  same  is  true  in  substance 
of  the  two  lower  raising  curves,  or  of  the  upper  one  at  least. 

The  fact  that  this  throws  the  grade-line  below  the  bed  of  the  stream  looks 
bad  on  the  profile,  but  should  not  be  allowed  to  deceive.  The  tunnels  plunge 
into  the  bowels  of  vast  overhanging  mountains  of  solid  rock,  and  can  be  kept 
as  far  away  from  the  stream  as  desired,  if  there  were  need  to  consider  it  at  all 
The  only  visible  gain  from  the  spirals,  therefore,  was  to  have  the  same  engi- 
neering curiosities  on  one  side  of  the  mountain  as  on  the  other. 

On  the  Swiss  side  of  the  mountain.  Fig.  202,  the  spiral  developments  showa 
in  Fig.  203  were  essential  for  the  purpose  sought,  to  reduce  the  grade  to  137  ft. 
per  mile.  To  have  followed  the  natural  grade  of  the  valley  would  have  required 
from  197.5  to  237.5  ft.  per  mile  grades,  according  to  how  closely  the  bed  of  the 
valley  was  followed.  By  the  aid  of  the  long  Table  170  we  may  see  how  much 
real  economy  in  motive-power  was  effected  by  these  developments  in  taking  the 
traffic  from  Silenen  to  the  St.  Gothard  tunnel.  Neglecting  the  actual  distance, 
which  it  would  be  unfair  to  consider,  we  may  say  that  the  length  of  the  moun- 
tain grade  in  miles  should  be  about  inversely  as  the  rate  of  grade.  Then  we 
have,  for  a  standard  Consolidation: 


Grade. 
.  Per  Mile. 

Comparative 
Length. 

Comp.  Net 
Tons. 

Load  of  Bng. 
Per  Cent. 

Comp.  Bng.  Miles 
Per  Through  Ton. 

137 

lOO.O 

319 

100.0 

100 

197^ 

69.3 

210 

65.9 

105 

219 

62.5 

184 

57.7 

108 

237i 

57.7 

165 

51.7 

mi 

In  other  words,  comparing  tKe  constructed  grade  with  the  197.5-ft.  grade 

only,  in  a  valley  distance  of  10  miles,  4.4  miles  ( )  of  tunne/ development "wiS 

\69-3/ 
introduced  with  the  effect  of  saving  only  5  per  cent  of  the  engine-miles  necessary 

to  move  a  car  through,  and  perhaps  2|  percent  of  the  cost  of  movement    Such 

errors  result  from  lack  of  study  of  the  economic  side  of  railway  location.    There 

could  be  no  better  illustration  of  the  broad  distinction  between  reducing  the 

rates  of  through  grades  and  of  pusher  grades  stated  in  par.  747. 


C/r.  XX.'-REDUCING  BATE  AND  COST  OF  HIGH  GRADES.  675 


EXPEDIENTS  FOR  REDUCING  THE  RATE  AND  COST  OF  HIGH  GRADES. 

916.  The  following  are  among  the  chief  resources  for  obtaining  the 
best  results  on  long  ascents.    They  should  always  be  borne  in  mind : 

I.  Hunt  for  some  place  on  any  part  of  the  ascent  where,  for  half  its 
total  length  or  more,  a  fairly  good  and  cheap  line  may  lie,  in  spite  of  sur- 
rounding difficulties.  Find  what  rate  of  grade  will  fit  this  sec- 
TIGS  AND  WORK  EACH  WAY  FROM  IT,  instead  of  going  always  to  the 
summit  and  working  down— which  is  a  g<Jod  rule  for  small  descents,  but 
will  often  lead  one  far  astray  on  long  ones.  In  other  words,  find  out 
what  are  or  ought  to  be  the  governing  points,  which  may  or  may  not 
be  the  summit,  and  work  from  them.  In  running  a  first  rough  prelimi- 
nary it  is  ordinarily  best  to  start  from  the  summit,  but  on  a  second  line 
it  is  rather  the  rule  than  the  exception  that  it  should  not  be  done. 

917.  Fig.  207  shows  a  remarkable  example  of  the  advaatages  of  this  netbod* 
from  the  location  of  the  lower  end  of  the  Pacific  Branch  of  the  Mexican  Ceotnl 
Railway,  on  the  descent  from  the  dty  of  Tepic  to  the  coast  flats.  Sereral 
efforts  were  made  by  various  engineers  to  obtain  a  practical  line,  which  are 
distinguished  as  first,  second,  and  third  lines  in  Fig.  207.  bat  withoat  any 
very  satisfactory  result,  undi,  aided  by  the  knowledge  gained  in  the  prerioos 
surveys,  the  idea  of  the  spiral  line  was  conceived  and  poshed  to  a  snccessfnl 
completion,  with  a  reduction  of  considerably  over  half  in  the  nrf mated  qoaoti- 
ties  of  the  line.     The  conditions,  briefly  suted,  were  these: 

The  town  of  Tepic  is  at  an  elevation  of  915  metres,  or  3035  feet,  abofve  the 
sea,  and  distant  only  some  l^\  miles  east  therefrom,  half  of  which  is  a  dead 
flat  rising  but  a  few  feet  above  the  sea,  so  that  the  entire  nse  wocld  have  had 
to  be  made  on  a  direct  route,  within  an  air-line  distance  of  some  nine 
Descending  from  Tepic  (see  Fig.  207),  the  line  first  f>-ows  tiie  Ta:>7  of 
Tepic  River  until  it  diverges  therefrom  (as  it  flows  in  a.i  entirely  wrc«g  d£wc* 
tion  and  becomes  impracticably  rough)  and  strikes  across  ::itc  the  Ta:>y  of  dw 
smaller  Ingenio  River  at  the  Rincon  Past,  marked  "  ccatr'.::i:i^  wsssaajx,*  m 
Fig.  207.  at  an  elevation  of  2508  feet  (795  metres)  abor*  ±jt  *ca. 

Up  10  this  point  the  descent  was  on  len  than  a  2  ser  'jtz.z  ^rade  and 
no  difficulty,  alihough  requiring  some  heavy  woik  aai  a5 -rlr.^  i\*irm%  -Jt 
sublimity  and  beauty  over  the  rugged  and  abn^t  dcscen:  -_-,  --^  v-ii-  laa. 

In    descending   from   this  controlling  pass  jmo  rie  -r^jrj  'A  z: 
River  (which  is  the  long  stream  in  Fig.  907  «Uch  cae  -=«  l'J:jym% 
spiral),  the  usual   difficulty  was  encoontcied.  ikoK  iie    ir^    iacac 
ccedingly  sharp.      In  an  air-line  distance  ef  two  aila   zr-.n  - 
summit  to  the  lower  left-hand  corner  of  the  ipntf  ia  Tjf.  ^A   zzfsr*,  ^ 
scent  of  some  490  f«et.     Moreover,  the  valey  of  jhe  Ti,?--.  -.    »ii> 
practicable  for  a  line  in  or  very  near  to  tie  ha*  o<  lie  jtr 
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miles  below  the  spiral  (to  near  By  Fig.  207),  abrupt  and  rugged  banks  sevenl 
hundred  feet  high,  of  the  same  impracticable  character  as  those  shown  imow- 
diately  below  the  spiral  bridge,  Fig.  208,  although  below  B  the  valley  became 
more  tractable. 

918t  Under  these  circumstances,  since  it  was  impossible  to  descend  into 
the  bottom  of  the  valley  on  any  practicable  grade,  and  since,  unless  this  were 
done,  the  line  must  be,  for  a  long  distance  below  the  spiral  afterward  adopted, 
entirely  above  the  immediate  slopes  of  the  valley  ;  to  avoid  the  most  excessive 
work,  a  comparatively  light  trial  grade,  a  per  cent,  was  not  unwisely  adopted 


—  —  First  Line. 
.»»»»<i9»       Second  Line. 

— -Third  Line 

■   Final  Locationi 
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«  *  3  4 

III!     I  'I     I     I  I  I 
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Fig.  207.— Routrs  op  Vasiods  Suxvxts  roa  thb  Gradb  (Ibscbxdikg  to  the  ( 

[Black  figures  gvtt  elend 


for  running  the  three  first  lines  shown  by  dotted  lines  on  the  map.  These 
lines,  otherwise  differing  from  each  other  greatly,  agreed  in  swinging  around 
the  area  covered  by  the  spiral  and  close  to  the  latter,  although  off  the  area  cov- 
ered by  the  map  of  the  spiral  in  Fig.  3o8.  To  trace  them  on  Fig.  208.  start 
from  near  the  scale  and  title  and  pass  thence  to  the  right,  then  down,  and  then, 
at  the  bottom  of  the  map,  to  the  left,  to  a  point  between  A  and  B  on  the  small 
scale  map,  Fig.  207.  At  this  point  they  were  already  far  above  the  grade  Ot 
the  spiral  bridg^e,  so  that  they  soon  left  the  excessive  slopes  of  the  valley  and 
struck  comparatively  easy  work  on  the  narrow  ridge  lying  between  the  valleys 
of  the  two  parallel  streams  shown. 

Nevertheless,  the  work  on  all  three  of  the  lines  was  excessive,  while  the 
low  grade  required  a  great  amount  of  otherwise  unnecessary  development  and 
curvature.  Two  of  these  lines  were  located  on  paper  and  profiles  made,  but 
no  accurate  estimates  were  ever  made  of  them,  as  the  work  was  very  forbid 
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ding,  iavotviD[,  In  (pite  of  the  use  of  17*  curves,  a  number  of  maaeU  and 
DWtj  Teiainlng-walli  and  *ma11  viaducti. 

Tbcfc  (acu  made  it  clear,  if  it  had  not  been  before,  that  the  attempt  to  find 
a  line  by  startieg;  from  the  lummit  as  a  controlling  point,  and  letting  it  fall 
tbeoce  where  it  would,  must  be  abandoned,  and  a  line  choien  lying  in  the  bot- 
lan  of  the  valley  as  a  fixture  and  worked  from  at  each  end  ;  that  being  the 
only  place  where  a  really  economical  line  could  lie  for  the  entire  distance  down 
10  C,  Fig.  307- 

A  random  line  In  the  bed  of  the  stream  showed  that  a  1.6  per  cent  grade 


(137  feet  per  mile)  was  the  lowest  adapted  to  it,  and  in  assuming  the  line  to  be 
in  this  position,  and  extended  from  each  end  (i.e..  conceiving  the  line  fixed 
under  the  bridge  in  Fig.  208).  the  ascent  Ihence  up  the  upper  small  stream  was 
(for  the  country)  mere  surface  work,  and  the  ezlraordinarilf  favorable  point 
for  (be  high  crossing  (the  narrowest  for  miles)  naturally  suggested  sweeping 
the  line  around,  through  a  deep  but  narrow  cut.  into  the  lower  small  vaHey,  so 
as  to  cross  oyer  itself  by  a  high  viaduct,  and  thence  ascend  to  the  summit. 
Above  the  viaduct  it  follows  up  the  right  slope  of  the  small  stream  shown  just 
under  the  title  to  Fig.  xoS,  being  on  the  opposite  side  from  the  three  previous 
lines,  which  chanced  also  to  be  snmewhat  the  best  side. 

It  was  foand  on  extending  the  line  up  to  the  summit  that  it  left  some  spare 
elevation,  and  this  was  properly  concentrated  within  the  spiral,  in  order  to 
make  the  bridge  as  low  as  possible. 

919.  There  was  a  possibility  of  a  direct  line  from  Tepic  to  the  head  of  the 
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spiral,  following  approximately  the  highway  via  La  Fortoaa,  but  it  was  oot 
deemed  worth  survey,  for  these  reasons: 

Pint, — It  was  certain  that  it  could  afford  no  better  grade*  and  but  little,  if 
any,  difference  in  curvature,  distance,  and  cost. 

Second. — The  fine  water-power  of  the  Rio  de  Tepic  would  have  been  left  at 
one  side,  with  the  mills  already  on  it,  and  the  others  which  were  very  likely  to 
be  placed  there — water-power  being  very  scarce  in  Mexico. 

Third. — There  was  considerable  local  traffic  from  La  Escondida  and  points 
beyond  it  to  the  west,  which  would  be  lost 

Fourth. — A  dull,  uninteresting  ride  would  have  been  substituted  for  one  of 
the  greatest  scenic  attractions.  A  chief  dependence  for  the  traffic  of  the 
Pacific  Branch  (and  for  the  main  line  of  the  Mexican  Central  as  well)  being 
tourist  traffic,  and  much  of  the  remainder  of  the  line  being  of  great  scenic 
beauty,  this  alone  was  deemed  a  decisive  consideration. 

920.  The  leading  dimensions  of  the  spiral  and  viaduct  were  as  follows: 

Length  of  spiral,  2,637  metres =  8,652  feet  =      z.64  miles. 

(405  -f~  ^  =  ^  +  3^'  ^i^  lo-metres  station). 

Descent  in  spiral,  actual 53*00  metres  =  173.9    ^^t. 

Descent  in  spiral,  on  2.6  grade 68.56 


41 


Loss  of  elevation  in  do 15-56  metres. 

Utilized  as  follows: 

For  curve  compensation,  303  degrees  (at  0.06  per 

degree) 5.56  metret. 

Spare  elevation,  utilized  for  a  station  grtmnd  and 

water  station  at  south  end  of  spiral zo.00      " 

Viaduct:  Length,  200  metres =656       feet 

Height.    53      "      =173-9      " 

The  height  is  above  the  grade-line.  Above  low-water  it  was  some  7  feet 
more. 

Other  resources  for  reducing  the  rates  of  long  ascents  are : 

921.  2.  Zigzag  developments,  obtained  by  finding  a  favorable 
point  for  the  line  to  turn  a  half-circle  and  return  upon,  itself,  often  im- 
mensely facilitate  a  favorable  result,  enabling  the  possibilities  of  any  fa- 
vorable section  of  a  long  descent  to  be  utilized  to  the  utmost,  or  enabling 
the  line  to  keep  away  from  the  more  serious  difficulties.  The  develop- 
ment on  the  Jalapa  line,  Appendix  C,  is  a  good  example  of  this  device. 
The  privilege  of  using  a  sharp  curve  occasionally  is  a  great  assistance  to 
this  end,  and  often  a  sine  qua  non. 
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FiK^  309  is  another  example  \a  scale  of  *uc)i  ligikg  or  hors«(boe  develop- 
ment. OD  tlie  Lima  fr  Oroya  Railway,  in  Pern.  The  distance  from  A  to  B  hori- 
sonully  is  570  feet, 
and  Terticslly  li  365 
(MI.  Tbe  horiiODtal 
distance  from  C  u>  D 
Is  495  feet,  vertical  dlt- 
nace  360  feet;  length 
of  line  from  A  10  D'lt 
4  miles.  The  tuiul  1 
rule  on  this  road  woa 
to  DM  switchbacks  for 
luch  developments,  as 
sboiTo  in  Figs.  aiS-si.  In  all  t] 
The  curve  aL  Sacrape  is  14*  30'. 

932.  3.  Spirals  might  be  used  to  great  advantage  much  oftener  than 


8ACRAPE 


%  the  dotted  lines  represent  tonneli. 


they  are.    A  spiral,  also  sometimes  called  a  "loop,"  is  a  doubling  back 

of  the  line  upon  itself  so  that  it  returns  under  itself  at  a  tower  elevation. 

They  are  of  two  classes:  bridge  spirals.    Fig.  zio,  in  which  the 

upper  end  of  the  spiral  is  carried  over  the  lower  on  a  high  viaduct,  and 
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EL  SPIRALS,  Fig.  31 1,  in  which  the  lower  end  of  the  spiral  passes 
thenppcrend  with  a  tunnel.  Figs.  215-217  show  one  of  the  most 
dve  applications  of  the  principle  of  spiralling  (made  possible  only 
ry  peculiar  topc^raphical  conditions)  which  was  ever  attempted, 
better  line  was  afterwards  found.  In  the  typical  bridge  spiral  the 
wings  around  the  slopes  of  a  valley  or  basin,  and  in  the  typical 
1  qtini  tbe  line  swings  around  the  slopes  of  a  central  hill.  The 
1  spirals-  of  the  St.  Gothard  line  (Figs.  303-206)  are  also  tunnel 
I,  in  a  sense,  but  of  a  third  class,  which  does  not  swing  around  any- 

3>  The  bridge  spiral  on  the  descent  to  Tepic,  Figs.  307,  308,  illus- 
the  advantage  gained  by  them,  which  is  Co  make  a  sudden  and 
drop  at  one  spot.  They  are,  when  well  laid  out,  not  costly  feat- 
ind  bridge  spirals  especially  facilitate  that  most  important  end  of 


-Maf  or  Sni 


g  down  into  the  bed  of  a  stream  as  soon  as  it  has  descended  so  far 
its  source  that  it  may  be  said  to  have  a  bed.  It  is  to  be  remcm- 
in  laying  out  bridge  spirals  that  the  height  of  iron  viaducts  is  a 
■  factor  in  their  cost  (par.  1 27 4).  They  are  a  rare  feature  in  location, 
lust  always  remain  so.  but  might  sometimes  be  used  to  advantage 
:  they  are  not.  Figs.  21J- '14  *how  the  only  bridge  spiral  in  the 
d  States. 
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924.  4.  In  nuliiiiga 
descent  into  a  river  nl- 
lej  it  la  an  almost  invari- 
able    rule    to    DESCENEr 

<^aiHst  THE  SLOPi  or 
THE  VALLEY.evenuifae 
coat  of  turning  a  bill- 
circle  as  soon  as  the  bci- 
tom  is  reached.  The 
length  of  the  sid^llill 
descent  is  much  de- 
creased. It  is  still  hi- 
tcr  if  possible,  (or  lie 
same  reasons,  to  dcKdid 
against  theslope  of  HmK 
tributary  valley  torn  1 
half-circle,  and  the^d^ 
icend  in  its  bed  to  the 
main  vallejr.  Figt.  ii}- 
217  give  an  actaal  in- 
stance on  a  large  sole 
In  Fig.  9IS  a  dcKolt 
was  to  be  made  from  E.tl 
an  etevatiun  above  set  ol 
about  3000  ii.  (g:o  ni.),Ki 
A,  Into  the  valley  of  ihe 
Ameca  River,  at  an  clen- 
lloa  of  iiao  feei(34ain-) 
above  sea,  a  drop  of  MM 
iBBo  feet,  to  be  made  wiiUi 
an  air-line disiancE  fiomfi 
to  .4  of  only  j  miles.    TtK 


descent  of  over  one  per 
cent,  so  that  beneath  dK 
Spirals  FG,  shown  In  deltil 
In  Figs.  916,  317.  the  bed 
of  the  river  was  only  lOM 
feet  (310  m.)  above  Ka. 
The  tributary  AB  had  a 
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still  sharper  descent  of  over  2  per  cent,  and  the  circumstances  of  the  location 
made  it  clear  that  the  raling  grade  on  the  descent  must  be  at  least  2f  per  cent. 
The.  location  shown  in  Fig.  216  is  3  per  cent  compensated,  about  2.6  per  cent 
actual 

At  the  left  of  Fig.  215  was  another  tributary,  EG,  falling  far  too  fast  for  any 
line  to  follow  it  directly,  but  making  a  very  high  and  steep  backbone  or  knife- 
edge  at  FG  of  solid  basaltic  rock,  overlaid  for  the  most  part  with  a  thick  surface 
deposit  of  volcanic  tufa,  or  tepetate.  This  knife-edge  had  excessively  steep 
slopes  on  both  sides,  as  will  be  seen  from  Pig.  216,  extending  down  to  the  river- 
bed 1000  feet  below,  and  had  the  further  remarkable  peculiarity  that  the  sides 
swelled  in  and  out,  making  it  very  thin  at  points  and  thicker  at  others. 
Thes^  uni^ual  topographical  features  made  conveniently  possible  such  an 
unparalleled  series  of  spiral  developments  as  are  shown  in  Figs.  216,  217, 
which  took  very  kindly  to  the  natural  surface,  so  that  they  could  be  executed 
at  very  moderate  cost,  as  the  minutely  accurate  topography  of  Fig.  216  will 
show. 

925.  Under  these  circumstances  there  were  two  possibilities  for  the  de- 
scent from  Exxi  A\  First,  the  line  EDCBA,  which  subsequently  proved  to  be 
by  far  the  best;  and,  secondly,  the  line  EFGHA,  Influenced  by  the  ease 
with  which  great  development  could  be  obtained  in  a  small  space  and  at 
small  cost  at  FG,  Fig.  215,  as  shown  in  detail  in  Figs.  216,  217,  the  latter 
line  was  examined  first;  the  only  useful  result  of  this  work  having  been  that 
it  is  possible  to  present  to  students  the  instructive  study  in  location  shown 
in  Figs.  216,  217,  where  six  successive  spirals  are  shown  (the  lowest  one 
finally  abandoned),  accomplishing  a  descent  of  613  feet  (187  m.)  within  a  hori- 
zontal distance  of  about  1800  feet,  measuring  from  the  highest  to  the  lowest 
points  shown  on  the  map.  The  developed  distance  between  these  same  points 
was  4.45  miles  (7.18  kilos.).  Measuring  from  the  nearest  points  of  the  first 
and  fifth  spiral,  a  descent  of  426  feet  and  a  development  of  nearly  3^  miles 
was  obtained  between  points  only  558  feet  apart  horizontally.  The  lowest 
(abandoned)  spiral  gave  a  further  development  of  .855  mile  and  a  descent  of 
125  feet  within  a  horizontal  distance  of  263  feet.  A  striking  feature  of  the 
development  was  the  two-story  iron  viaduct  outlined  on  Fig.  216;  a  precipice 
over  200  feet  high  for  a  short  distance  at  one  point  enabling  the  line  to  pass 
twice  over  the  same  viaduct  at  elevations  100  feet  apart. 

The  value  of  such  a  feature  as  an  advertisement  and  attraction  to  trave. 
for  a  line  which  must  in  any  case  be  largely  dependent  on  tourist  travel,  was 
an  element  not  to  be  despised;  but  it  was  all  but  certain  that  the  true  loca- 
tion must  have  been  by  the  northerly  route,  as  was  found  to  be  the  case: 
for  (i)  the  stretch  ED  lay  along  the  natural  surface;  (2)  the  stretch  AB,  accom- 
plishing nearly  one  fourth  of  the  rise,  lay  in  the  bed  of  a  tributary  stream 
rising  nearly  as  fast  as  the  desired  grade.  All  that  was  necessary  by  this 
route,  therefore,  was  to  find  ground  on  which  the  descent  from  D  to  B,  and  the 
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Cum  al  B,  could  be  made.     In  other  words,  granting  that  a  nun 
be  made,  more  than  half  the  descent  could  be  made  aa  very  ea*)' 
aminalion  showed  iavorable  points  at  B  and  C  for  the  uitn,  wid 
able   location  was  obtained  for  the  entice  descent.     This  line  alto 
neering  and  scenic  features  ol  great  interest;  chief  among 
gigantic  natural   obclislc   of   stone,   produced  by  erosioo,  S?!  feet 
pierced  through  the  centre  of  its  base  by  a  toooel  Jjg  feet  long. 

926.  Besides  these  four,  which  may  be  called  normal  expedientK 
are  the  following,  as  difficulties  multiply; 

5.  Switchbacks  :  the  proper  laying  out  of  which,  and  the 
in  favor  of  using  them  when  so  laid  out,  are  described  in  Appndbl 


Fta,  g 


When  descents  of  over  1000  feet  are  to  be  grappled  with,  and  often  •^^ 

less,  the  writer  believes  they  should  be  used  much  more  freely  than  **  ^ 
are,  if  laid  out  in  the  way  described,  so  that  the  stop  and  revenal  of  ^^ 
direction  of  motion  involves  no  loss  of  time  or  power,  either  theoRtiC^-'^ 
or  practically.  If  laid  out  in  the  ordinary  way  they  are  far  more  ob'j^'' 
tionable.  Their  effect  to  reduce  the  cost  of  conatniction  U  very  great.  9** 
there  is  no  necessary  loss  of  time  or  power  from  the  stop.  Flg>.  Sta — *** 
show  a  locality  where  well  laid  out  switchbacks  would  have  beca  «W**'7 
more  economical,  and  have  given  better  results  in  other  W^l> 


s  to  tlic  topograpliy  fwhich  is  minutely  ac- 
th  hill.  The  whole  body  of  the  ridge  was 
'S  ut  c  acks  on  the  surface  in  cooling  into  loose 
are  not  put  on  in  the  best  manner.  They 
gaps  in  tlieni.  The  degrees  of  the  curves 
,'"^chords.  Tliev  should  be  increased  about  one 
y'^cl  ords.  The  facilities  which  a  judicious  svs- 
_j~^  ng  location  is  apparent  from  Fig.  216.  Tl:c 
^Jroducing  transition  curves,  making  no  etTort 
^^rve  or  tangent  on  the  map  can  be  shifted,  re- 


••^-it  the  map,  from  whicli  it  can  be  seen  at  once 
t  T  number  of  points.     Including  the  lower 

.,^  f  development  and  613  (c.  of  elevation  were 

^w  tl  out  any  loss  of  distance  whaiever.  The 
"""■-— where  such  a  result  would  be  80  conveniently 
"^^eaper  than  a  system  of  switchbacks  such  u 
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927>  The  following  Figs.  aiS  to  33i  are  ezamptei  of  awitchbacks  from  the 
ma  A  Oroya  Railiray  \a  Peru.  They  give  an  idea  of  the  advantage  which 
ejr  give  for  locatioo. 

It     they    were     not  fi^*^^ 

■operly   Uid   out   to  "" 

duce  the   disadvan- 
ge   of   a  slop   to  a 
inimam.      Fig.   3i8   ^ 
lows  a  rather  unu 

and  unfavorable 
elhod  of  laying  them 
It,  the  switchbacks 
:ing  usually  in  pairs, 
I  in  Figs.  219-331, 
Id  as  near  loffelher 
i   possible,  so  as  to 

duce  the  distance  on  which  the  train  runs  backward  to  a  minimum.  From  A 
B\%  3t  miles  by  the  line.  In  an  air-line  they  are  Bss  feet  apan  horiiontally, 
id  54S  feet  apart  vertically. 

FtOTTi  I  W 1,  Fig.  319.  is  s  miles  by  the  line  and  il 
liles  in  an  air-line.  The  horizontal  distance  between 
I  and  B  is  98;  feet,  vertical  distance  6aj  feet.  The 
onzontal  <!isiance  between  E  and  F  is  465  feet,  vertical 
islancc  53S  feet,  showing  an  average  slope  sleeper  than 
t  to  I.  Many  such  places 
A  were  entirely  inaccessible  to 

bipeds,  and  the  line  was  only 
located  by  making  as  careful 
topographical  maps  as  possi- 
ble, projecting  a  locatlon,and 
triangulating  in  points  on  it 
for  beginning  construction. 
At  the  "InfieralUos,"  or  "  Little  Hells,"  Fig. 
320.  the  river  passes   for  some   distance,  with  a 
succession  of  falls,  between  two  walls  of  rock  that 
rise  perpendicularly  to  a  height  of  3000  to  3soo 
feet.     In  passing  under  these  high  points  the  line 
leaves  one  tunnel,  crosses  the  river  on  1  bridge 
of  160  feel  span  at  a  height  of  16s  feet  above  the 
water,  atiii  enters  another  tunnel. 

From   I  to  3,  Fig.  aao,  by  line  of  road  is  4f 
miles,  comprising  eight  tunnels.    An  air-line  from 
I  is  t(  miles.    The  boriionlal   distance  from  /f  to  B  Is  44S  feet,  verticat 
ce  310  feel. 
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Fig.  321  shows   another  very  peculiar   development— a  combination  of 
switchbacks  and  horseshoes.    From  ^  to  ^  by  line  of  road  is  4.9  miles,  bj 

air-line  1.6  miles.  This  portion  of  the 
^  line  has  1776*  of  curvature— an  aver- 
age of  36a*  to  the  mile.  From  CtoZ7 
the  horizontal  distance  is  730  feet,  Ter- 
tical  distance  570  feet.  The  profile  io 
this  vicinity  was  not  inappropriatelj 
known  as  "Gothic." 

These  maps  taken  together  will  io- 
dicate,  what  is  \he  fact,  that  even  ia 
the  roughest  country  there  are  certain 
locations  where  zigzag  developmeou 
are  more  economical  than  switchbacks, 
and  others  where  sFitchbadcs  alone 
are  practicable,  without  the  heroic  ex* 
pedient  of  spiral  tunnels. 

928.  6.  Included  Planes  and  - 
Cable  Traction.— This  device,  in 
a  crude,  form,  antedates  the  loco- 
motive itself,  and  was  at  first  the 
almost  universal  resort  for  dealing 
with  what  were  then  considered 
high  grades.  It  is  still  used  to  some 
extent,  but  early  passed  out  of  gen- 
eral .use  as  an  accredited  auxiliary 
to  railway  transportation.   We  may 
admit  that  this  at  the  time  was  vise 
and  right,  and  still  regard  the  device  as  one  deserving  of  a  recognized 
standing  at  the  present  day.    In  all  probability,  within  a  few  years,  it  will 

be  much  more  used 
than  it  is  now  for 
moving  large  traffic 
over     high     eleva- 

^      ^^^^       ^  ^       929.  The  aigu- 

ments  against  the 
use  of  planes  are 
these: 

I.  It  introduces  a  break  in  the  continuity  of  the  movement  of  traffic— 
an  argument  of  minor  importance  which  must  always  exist  in  some  d^ree. 


F10.M0. 


Fig.  aai. 


Cff,  XX.-'REDUCING  RATE  AND  COST  OF  HIGH  GRADES,  68/ 

3.  The  power  and  working  force  necessary  to  operate  the  planes  must 
always  be  on  hand  and  available,  at  nearly  the  same  cost  whether  work- 
ing or  idle,  and  possibly  a  good  part  of  the  time  idle. 

This  was  a  very  serious  matter  in  early  days  when  traffic  was  light, 
but  it  g^ws  less  so  as  the  movement  of  traffic  becomes  so  great  as  to 
Approximate  to  a  steady  stream  of  cars — a  condition  which  exists  on 
many  lines  now  operating  steep  grades  with  locomotive  power.  It  was  a 
leading  factor  in  causing  the  abandonment  of  planes  in  the  early  days  of 
railways ;  hardly  subordinate  to  the  following,  which  was  perhaps  alone 
decisive : 

3.  Formerly,  planes  operated  by  stationary  power  were  necessarily 
short,  straight,  and  on  a  uniform  gradient.  This  made  it  essential  topo- 
g;raphically,  even  if  it  had  not  been  mechanically,  that  the  planes  should 
not  be  long,  but  that  a  number  of  them,  separated  by  intervening  stretches 
Df  "  level,"  should  be  used,  greatly  increasing  the  awkwardness,  delay, 
and  expense  of  the  process. 

4.  A  certain  element  of  danger  from  runaways  and  breakages  existed 
and  still  exists,  which  was,  however,  not  a  serious  nor  governing  consid- 
eration, even  when  the  only  cable  was  a  hemp  rope,  as  in  the  early  planes 
at  the  All^hany  Portage  on  the  Pennsylvania  State  canal  and  railway 
system,  and  it  is  still  less  so  now. 

930.  On  the  other  hand,  besides  the  advantage  of  the  vast  increase  of 
traffic  which  would  enable  stationary  power  to  be  constantly  employed  at 
many  points,  the  perfection  to  which  th^  cable  system  has  been  brought 
in  recent  years  has  greatly  changed  the  conditions  of  the  problem,  and 
favored  the  use  of  well-designed  inclined  planes  in  connection  with 
railways.  Passing  the  question  of  how  they  should  be  designed  for  the 
moment,  the  ailments  favoring  the  use  of  inclined  planes  of  whatever 
type  are  these : 

1.  The  great  expense  is  saved  of  lifting  the  ponderous  motor  itself 
up  and  down  hill.  Assuming  every  engine  to  be  fully  loaded,  and  assum- 
ing a  light  Consolidation  engine  with  tender  and  caboose  to  weigh  80 
tons,  we  may  deduce  from  Table  170  the  following  Table  189.  showing 
the  proportion  of  the  total  power  exerted  which  is  thrown  away  in  non- 
productive work  on  the  motor. 

2.  The  power  is  not  only  wasted  in  the  proportion  shown  in  Table 
189.  but  is  more  costly  per  horse-power  for  several  reasons : 

{a)  The  fuel  burned  per  horse-power  is  much  greater  than  in  a  good 
and  powerful  stationary  engine  (Table  168.  page  531). 

C^)  As  one  stationary  engine  does  the  work  of  from  five  to  thirty 
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locomotives,  there  is  a  corresponding  saving  in  maintenance  of  machine^ 
and  in  wages  of  engine-  and  train-men. 

Table  189. 

Proportion  of  the  Dead  or  Waste  Weight  (of  Engine,  Tender,  axd 
Caboose)  to  the  Total  Paying  Weight  (op  Cars  and  Freight)  ox 
Various  Grades. 

[An  addition  of  5  tons  has  been  made  to  the  weight  of  an  average  Consolidatioo  in 
Table  170,  as  better  corresponding  to  the  more  recent  practice  (Table  129),  and  a  com- 
sponding  subtraction  of  5  tons  from  the  load  given.  In  addition,  a  deduction  of  30  per 
cent  has  been  made  from  the  load  given,  as  an  allowance  for  the  lighter  winter  loads,  the 
scant  loading  of  many  trains,  and  light  trains  in  one  direction.  As  an  average,  this  aDow^ 
ance  should  be  larger.] 


Gradb 
Per  Cent. 

Wbight  in  Tons. 

Per  Cent 
Weight  Engine 

to  Average 
Paying  WeighL 

Engine, 
Tender,  and 
Caboose. 

Train 

by 

Table  xio. 

of 
All  Trains. 

1.0 

1-5 
2.0 

2.5 
3.0 

3.5 
4.0 

5.0 

6.0 

80 

706 

499 
378 
299 
244 

202 
170 

124 
92 

565 

399 
302 

839 
195 
Z62 

136 

99 
74 

14. 1 
20.0 
26.5 

33.4 
41. 0 

49.4 

58.8 

80.8 
135-0 

{c)  The  wear  and  tear  of  track  due  to  the  locomotive  is  saved,  which 
is  about  half  of  the  whole  cost  of  running  them  (par.  780).  Against 
this  is  to  be  balanced  the  loss  of  power  by  the  friction  of  the  rope  or 
cable,  but  this  is  comparatively  a  small  percentage  on  a  grade  plane, 
although  a  very  large  percentage  on  level  cable  rai]wa3rs.  The  cable 
friction  being  constant  per  mile  decreases  in  relative  importance  as  the 
grade  is  higher. 

(d)  The  modern  cable  system  possesses  several  advantages,  as  notably 
that  of  being  used  on  curves,  which  none  of  the  older  and  simpler  forms 
of  inclined  planes  possessed. 

3.  Apart  from  the  cost  of  the  mechanism  for  operating  the  planes 
(which  may  be  balanced  roughly  against  the  cost  of  locomotives),  the  use 
of  inclined  planes  will  ordinarily  cheapen  the  cost  of  construction  <na- 
terially,  although  this  may  not  be  invariably  the  case. 


B 


Fig.  233. 
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931*  If  we  conceive  the  normal  type  of  a  passage  over  a  summit  to  be  that 
shown  in  Fig.  333,  the  manner  of  adapting  the  same  summit  to  the  use  of  in? 
clined  planes  may  be  that  of  either  Fig.  223  or  Fig.  224.  In  Fig.  323  the  cars 
aire  hauled  directly  up  an  inclined  plane  (or,  q 

if  necessary,  up  two  or  more)  at  A  and  B  to 
some  point  a  and  b  which  is  high  enough  for 
the  cars  to  descend  thence  over  the  entire 
distance  aCB  or  bCA,  presumably  in  short 
trains  in  charge  of  one  or  more  brakesmen. 
The  power  stored  in  the  cars  is  thus  not  lost,  by  having  to  be  shortly  after 
destroyed  by  the  brakes,  but  in  great  degree  utilized  for  propulsion. 

932i  This  economy  of  power  may,  under  favorable  circumstances,  be  carried 
still  further  by  the  construction  of  the  auxiliary  lines  cd  and  ce.  Fig.  224,  so  as 
to  extend  the  plan  in  Fig.  223  to  that  shown  in  Fig.  224.  By  these  auxiliary 
lines,  after  the  cars  have  as- 
cended the  planes  A  and  B  \o  a 
or  ^,  they  run  by  gravity  to  the 
points  g  or  </,  where  they  de- 
scend the  plane,  thus  assisting 
by  their  gravity  to  pull  other  Fic.  333. 

cars  up  it,  and  making  the  only  motive-power  required  (in  excess  of  cable-friction) 
— that  necessary  to  lift  the  cars  through  the  distance  da  or  eb^  which  is  necessary 
to  enable  them  to  run  by  gravity  to  the  opposite  plane.  If  the  distance  ab  were 
great  enough  to  make  it  desirable,  a  nearly  level  track  might  be  laid,  and  loco- 
motive-power used,  but  this  involves  the  disadvantage  that  the  location  is  more 
difficult  and  costly,  because  the  gradients  have  to  be  considered  in  both  direc- 
tions, whereas  the  duplicate  gravity  tracks  may  be  laid  out  on  different  routes^ 
each  of  which  need  be  favora- 
ble to  motion  in  one  direction  ^  r*  b 
only. 

933.  Theoretically,  the  sys- 
tem sketched  in  Fig.  224  com- 
pletely eliminates  the  disad- 
vantage of  the  elevation  sur- 
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mounted,  however  high,  leaving  the  only  loss  of  power  that  which  would  result 
if  the  track  were  vertically  projected  onto  the  plane  AB.  Practically,  it  will 
of  course  fall  far  short  of  this,  but  may  be  made  to  give  some  approach  to  it,  and 
with  the  privilege  of  introducing  a  few  easy  breaks  of  line  and  grade  on  the 
plane,  which  is  practicable  by  the  cable  system,  no  great  difficulty  is  likely  to 
arise  in  laying  out  long  planes  advantageously. 

934.  The  modem  cable  system  has  not  yet  been  used  to  any  consid- 
erable extent  as  an  auxiliary  to  ordinary  railway  traffic,  although  it  is 
tending  in  that  direction.     It  originated  at  the  city  of  San  Francisco, 
44 
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from  the  necessity  of  supplying  street-railway  transportation  on  bi|^ 
grades.  In  its  essence  it  consists  in  using  a  continuously  moving  and 
endless  wire  cable  to  which  the  cars  are  attached  by  friction-grips,  instead 
of  winding  up  on  a  large  drum  a  rope,  chain,  or  flat  band  of  metal  of  the 
length  of  the  incline,  requiring  that  the  engines  should  start  and  stop 
again  after  taking  up  each  load.  The  modern  system  has  been  brought 
to  great  perfection  for  street  use,  and  has  spread  very  rapidly  in  spite  of 
the  difficulty  and  expense  involved  in  covering  up  the  cable  below  the 
street  level.  It  has  been  described  with  remarkable  fulness,  in  all  its 
details  of  construction  and  working,  in  various  papers  before  engineering 
societies  and  in  the  leading  technical  journals. 

930i  Circumstances  favoring  the  use  of  this  particular  form  for  rail- 
way traffic  are  :  (i)  The  cable  would  not  need  to  be  covered  up  and 
gripped  at  some  disadvantage  through  a  narrow  slit;  (2)  being  primarily  re- 
quired for  vertical  and  not  for  horizontal  transportation,  the  incline  could 
be  made  steep  at  the  expense  of  length  and  speed,  reducing  the  chief 
source  of  loss  in  street  service,  friction  and  wear  of  cables ;  (3)  the  grips 
having  to  be  applied  only  at  the  bottom  of  the  plane,  and  released  only 
at  the  top,  could  be  made  very  powerful  by  duplicating  them,  or  other- 
wise ;  the  grades  at  the  bottom  of  the  plane  could  be  made  favorable  for 
getting  the  cars  quickly  under  way,  and  with  speeds  of  not  exceeding 
three  or  four  miles  per  hour,  which  would  be  quite  fast  enough  for 
economy,  the  grips  could  be  applied  and  released  by  men  jumping  onto 
the  grip-car  for  that  purpose,  so  that  there  would  be  no  necessity  for  any 
one  riding  up  or  down  the  plane  with  the  cars. 

The  system  is  certainly  one  of  much  promise  for  such  localities  and 
conditions,  and  the  necessity  of  the  utmost  economy  in  transportation 
warrants  its  careful  study,  and  will  probably  bring  about  its  gradual 
adoption,  with  details  adapted  to  the  peculiar  requirements. 

936.  A  final  expedient  for  reducing  the  disadvantages  of  gradients  is 
the  RACK  RAILWAY,  the  most  perfect  form  of  which,  and  the  only  one 
promising  general  usefulness,  is  the  Abt  system. 

The  Mt.  Washington  Railway,  in  New  Hampshire,  designed  by  Silves- 
ter Marsh,  was  the  first  example  of  a  rack  railway.*  The  device  con- 
sists, as  its  name  implies,  in  a  pinion  operated  by  a  separate  cylinder  on 
the  locomotive,  which  engages  in  a  fixed  rack  laid  between  the  rails.    It 


*  The  Rhigi  Railway,  M.  Richenbach,  engineer,  was  an  almost  exact  copy  of 
every  essential  detail  of  the  Mt.  Washington  line,  but  in  a  not  particularly  cred- 
itable way  was  labelled  the  "  Systeme  Richenbach/'  and  is  so  known  throogli- 
out  Europe. 
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thus  eliminates  what  we  have  seen  to  be  the  most  serious  theoretical 
defect  of  the  locomotive — that  its  tractive  power  cannot  be  increased  in- 
definitely at  the  expense  of  speed,  but  only  within  narrow  limits.  In  its 
original  form  it  had  many  defects  which  the  Abt  system  eliminates,  but 
its  practical  utility  as  an  adjunct  to  the  normal  operation  of  railways  has 
not  yet  been  fully  demonstrated,  and  must  for  the  present  0886)  be  re- 
garded as  somewhat  doubtful. 

937.  The  salient  features  of  the  Abt  system  are  these :  The  ingenious  en« 
gaging  rack  by  which  a  locomotive  may  approach  the  foot  of  a  rack  grade  at 
some  considerable  speed,  with  certainty  that  the  pinion  will  engage  quickly 
and  without  shock  with  the  rack  ;  the  improved  manner  of  constructing  the  rack 
of  parallel  bars  with  the  teeth  staggered ;  the  pinion  or  driving-wheel,  which  is 
constructed  in  sections,  each  capable  of  a  slight  spring,  so  as  to  ensure  perfect 
and  smooth  contact  with  the  rack  ;  the  use  of  the  ordinary  adhesion  cylinders 
continuously  to  lend  what  aid  they  can. 

On  the  other  hand,  there  is  the  complication  of  the  machine,  and  the  diffi- 
culty of  keeping  the  rack  in  working  order,  especially  in  the  winter  in  cold  cli- 
mates.* 

938*  A  device  for  accomplishing  the  same  end  as  the  rack  railway  in  a  dif- 
ferent way,  which  has  not  proved  equally  meritorious  in  practice,  is  the  fric- 
tion-grip RAILWAY.  In  this  device  two  friction  driving-wheels  engage  with  a 
central  rail,  being  pressed  against  it  with  any  desired  force,  regardless  of  the 
weight  on  the  engine  itself.  While  the  device  has  been  used  successfully  in 
several  special  locations,  it  possesses  no  features  to  make  it  of  general  utility. 
It  is  generally  known  as  the  Fell  System,  and  was  used  at  the  Mt.  Cenis  Rail- 
way. 

DUPLICATE  TRACKS  FOR  PUSHER  GRADES. 

939.  In  the  main,  all  climbing  done  by  trains  on  pusher  or  high 
grades  is  so  much  clear  loss.    The  power  thus  stored  in  the  train  by 
lifting  it  up  not  only  does  no  good,  but  costs  more  money  to  destroy  by 
means  of  brakes.    It 
is  a  peculiar  advan- 
tage of   the   use   of 
pushers  that  this  need 
not  be  invariably  nor  A.^ 
necessarilv  the  case,  """ 

for  under  cerUin  fa-  ^^^  „5._Ty„cal  Profil.  op  a  G«av.tv  Railway. 

voring  circumstances 

it  is  f)ossible  to  utilize  a  portion  of  the  work  thus  wasted  by  securing 

♦  The  Abt  system  is  more  fully  described  in  a  paper  by  W.  W.  Evans,  Trans. 
Am.  Soc.  C.  E.,  March,  1886. 
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from  it  something  of  the  advantages  of  a  gravity  railway,  a  typical 
profile  of  which  is  shown  in  Fig.  225. 

The  gravity  railway  does  of  set  purpose  and  to  secure  an  advantage 
what  the  ordinary  railway  only  does  of  necessity  as  an  unmitigated  dis- 
advantage; viz.,  it  seeks  out  certain  high  elevations,  and  ascends  to  them 
as  quickly  and  by  as  steep  a  grade  as  possible. 

This  it  does  for  precisely  the  same  reason  that  coal  is  put  on  the 
tender,  viz.,  to  store  power  in  the  train  ;  only,  in  this  case,  the 
power  is  ready  for  instant  application  without  change  of  form.  It  is 
utilized  for  propulsion  instead  of  being  thrown  away  in  wearing  out 
wheets  and  brake-shoes,  by  laying  out  from  the  high  elevation,  to  which 
the  train  is  lifted  by  a  plane,  a  continuous  descending  gradient,  on  a  a; 
to  i.o  per  cent  grade,  until  the  lowest  possible  point  is  reached.  The 
train  is  then  hauled  up  to  another  high  elevation,  and  the  same  process 
continued,  giving  a  profile  like  Fig.  225.  The  ascent  is  made  by  sta- 
tionary power;  but  that  does  not  affect  the  principle,  which  is,  that,  as  high 
elevations  must  at  points  be  surmounted,  it  is  better  to  do  so  by  a  sys- 
tem which  utilizes  the  work  thus  done  for  propulsion  instead  of  wasting 
it  destructively. 

940.  There  is  one  serious  drawback  to  this  system,  that  cars  can  pass 
over  the  line  in  only  one  direction,  so  that  it  necessitates  an  entirely  in- 
dependent return  track,  however  light  the  traffic.  Nevertheless,  it  has 
been  and  is  still  used  to  some  extent.  It  originated  (in  this  country)  at 
Mauch  Chunk,  before  the  locomotive  had  fairly  been  invented,  and  was 
afterward  embodied  in  two  prominent  lines  in  Pennsylvania,  and  in  a 
number  of  smaller  ones.  One  of  these  lines  has  recently  been  abandoned ; 
but  for  reasons  largely  independent  of  the  engineering  merit  of  the  vpr 
tem  ;  the  other  is  still  in  operation. 

These  two  lines  are: 

Pennsylvania  Coal  Co. — 47  miles  double  track;  4  ft.  3  in.  gaug^;  36-lb.  rails; 
23  stationary-engine  houses  and  as  many  planes,  or  about  one  for  every  four 
miles.  Average  speed  of  passenger  trains,  15  miles  per  hour;  freight  trains,  10 
miles  per  hour. 

Delaware  ^  Hudson  Canal  Co. — 32  miles  of  double  track;  4  ft.  3  in.  gauge; 
45  to  56  lb.  rails;  30  stationary  engines  and  as  many  planes,  or  about  one  every 
two  miles. 

The  advantage  of  the  plan  is  that  it  puts  the  undulations  of  the  sur- 
face which  cannot  be  avoided  into  the  harness,  as  it  were,  by  making  theni 
a  necessary  part  of  the  system  of  operation.  Moreover,  motion  in  only 
one  direction  has  to  be  considered,  so  that,  so  long  as  the  train  keeps  de- 
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sending,  we  are  in  a  measure  independent  of  the  rate  of  grade,  and  econ- 
omy of  construction  is  promoted. 

To  balance  the  disadvantage  of  having  to  construct  two  independent 
tracks  there  is*  a  certain  econpmic  advantage  in  a  double  track  even 
when  traffic  is  light. 

941.  The  extra  cost  of  having  to  construct  two  independent  lines  has 
undoubtedly  been  in  years  past  a  leading  factor  in  impeding  a  more 
general  use  of  this  plan,  until  now  engineering  practice  seems  to  condemn 
it,  but  that  under  certain  exceptional  circumstances  it  might  still  be  ad- 
vantageously used,  hardly  admits  of  doubt.  The  merits  or  demerits  of 
the  gravity  system  in  its  entirety  depend  chiefly,  it  is  plain,  on  whether 
or  not  inclined  planes  operated  by  stationary  power  are  economical  as 
compared  with  the  locomotive.  But  whether  or  not  the  plan  as  a  whole 
be  advantageous,  it  is  plain  that,  if  we  have  lifted  a  train  by  any  kind  of 
power  to  a  high  elevation,  that  feature  of  the  gravity  plan  is  economical 
which  utilizes  the  work  thus  done  instead  of  throwing  it  away,  and  this 
niay  often  be  done  with  pusher  grades,  provided  the  traffic  be  sufficient 
to  make  certain  short  sections  of  double  track  in  the  immediate  vicinity 
of  the  pusher  grades  a  desirable  feature ;  which  is  very  apt  to  be  the  case, 
since  the  mere  existence  of  those  grades  practically  doubles  the  demand 
u()on  the  track. 

942.  Thus,  supposing  a  summit  is  to  be  passed  over  from  one  valley 
to  another,  or  a  plateau  of  some  width  to  be  ascended  to  and  descended 
from.     Ordinarily  the    pro-  ^ 

file  over  such  a  section  would  /'•'•"^-      r*« 

be  something  like  the  solid  '  " 

line  in  Fig.  226,  there  being 
certain  natural  difficulties  in 

getting  favorable  grades   in  v^  V£. 

more  than  one  direction  be-  '°' 

tween  B  and  /?,  so  that  the  whole  stretch  AE  is  practically  a  single 
pusher  run.  If,  in  such  case,  the  grade  AB  can  be  prolonged  to  some 
higher  point  and  from  thence  carried  on  a  favorable  grade  for  trains  go- 
ing to  -£■  to  a  junction  at  some  point  D,  the  expense  of  running  pusher 
engines  both  ways  over  the  distance  BD  will  be  saved,  at  the  expense  of 
constructing  the  short  section  of  duplicate  track  BFCD, 

943.  Again,  let  us  suppose  a  common  case,  that  we  are  carrying  a  line 
through  a  valley,  a  part  or  all  of  which  has  an  irregular  descent,  so  that 
an  extremely  favorable  line  may  be  had  for  trains  running  down  the 
valley  such  as  Fig.  227,  but  favorable  grades  for  ascending  it  can  only  be 
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had  with  some  difficulty  and  expense.  In  some  cases — hoc  by  acy  =025 
in  all  cases — it  would  be  possible  for  a  return  track  to  make  at  oscefor 
some  hi^h  point  Con  a  ridge  or  crest,  and  thence  to  make  for  thepc-^n: 
/I  with  level  or  descending  or  but  slightly  ascending  grades,  by  a  ridge 
line  or  a  different  valley  line  which  would  be  for  the  most  part  ligm. 


Not  only  is  lighter  construction  per  mile  of  track  almost  certainly  attain- 
able, when  this  is  possible  at  all,  but  economy  of  operation  is  much  pro> 
nioted,  because,  instead  of  having  to  run  short  trains  both  wars  betreeo 
//  and  /A  because  of  the  opposing  grades  aa,  our  motive-power  is  only 
taxed  appreciably  on  the  pusher  grade  BC,  throughout  the  round 
trip. 

Nevertheless,  if  there  be  not  traffic  enough  to  require  or  justify  two 
tracks  any  attempt  of  this  kind  would  probably  be  uneconomical. 

944.  But  after  all,  a  plain  continuous  descent  from  a  summit  to  the 
plain  below  will*  ever  remain  the  normal  type  for  location,  such  devicesas 
spirals,  switchbacks,  and  others  being  the  exception.  In  all  but  the 
most  rufi;f;ed  country,  say  wherever  most  of  the  surface  to  be  built  overis 
not  bare  rock,  f^ood  and  cheap  lines  can  usually  be  obtained  by  following 
these  two  rules  : 

/•/>-.?/.  Do  not  attempt  to  secure  too  low  a  grade-line  by  more  than 
a  moderate  amount  of  development,  remembering  that  on  pusher  planes 
the  RATK  of  j^rade  is  comparatively  unimportant  (par.  747  and  Table  181). 

St'ioftdlv.  Do  not  adopt  a  limit  of  curvature  too  easy  for  the  topog- 
raphy, unless  the  importance  of  the  line  and  its  probable  revenue  will 
certainly  warrant  it.     (See.  however,  par.  883). 

940i  The  railway  system  of  Colorado  is  a  splendid  example  of  what 
may  be  accomplished  by  the  application  of  these  two  rules.  The  fact 
that  it  was  laid  to  narrow  gaup^e  probably  gave  courage  for  adopting  such 
alignment,  but  it  was  not  at  all  necessary  for  its  success,  as  we  have  else- 
where seen  sufficient  grounds  to  believe  (in  Chaps.  VIII.  and  XXIII)* 
In  fact,  it  is  only  a  question  of  time  when  these  lines  will  be  relaid  to 
standard  gauge  without  any  essential  change  in  their  alignment. 
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There  is  probably  no  system  of  roads  in  the  world  which  is  si 
worthy  of  the  study  of  engineers,  because  of  the  marvellous  che: 
with  which  it  has  been  carried  through  the  most  forbidding  region 
certainly  as  good  an  illustration  as  any  of  what  has  been  done  i 
way  is  the  "HighLineto  Leadville,':  on  the  Denver,  South  Park  &! 


i  I  III!  II II 11 H  i'vm.  I  I  I  Hii  1 1    'I 
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■ilflllJ. 


Fig.  ojo.— PsopiLm  or  tub  Last  6a  Hili*  ot  thb  "  Hick  Liki  to  Lkadviija' 
[GiadCE  iadioted  in  feet  per  mile.    The  beavv  black  lioc  indlcue*  ihe  KCtioo  diowd  ii 
ii;,  iview  fiam  the  lower  end  of  wbicti  iiihamin  Fig.  »S.) 

Railway,  now  a  part  of  the  Union  Pacific  system.  The  total  cost  o 
line  was.  as  nearly  as  niuy  be,  $20,000  cash  per  mile,  and  this  was 
wise  very  close  to  the  cost  of  the  short  section  shown  in  the  laige 
in  Fir.  229,  one  of  the  most  interesting  views  on  which  is  shov 
Fig.  228. 

For  this  sum  the  line  was  carried  over  three  summits  over  i  i,oc 
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high,  two  of  which  are  shown  in  Fig.  230,  and  for  a  lai^e  part  of  the  re- 
mainder of  the  distance  was  carried  through  the  narrow  and  tortuous 
channel  of  the  Platte  Cafi- 
on,  where  long  stretches 
of  the  work  are  in  solid 
rock,  and  where  fills  were 
impossible,  it  being  neces- 
sary to  support  the  line 
on  retaining-walls  when 
not  in  the  solid.  These 
retaining-walls  are  among 
the  most  interesting  en- 
gineering features  of  Col- 
orado. They  are  dry 
and  very  cheap,  but  very 
solid,  and  give  no  trouble. 
They  were  generally  the 
first  work  started,  and 
were  carried  along  as  far 
as  possible  before  the 
rock  excavation  was  be- 
gun. 

946.  The  probabilities 
are  that  in  the  hands  of 
engineers  not  driven  to 
economy  by  necessity,  and 
constructing  by  what  have 
been  regarded  as  ortho- 
dox standards,  these  works 
would  have  cost  four  or 
five  times  what  they  actu- 
ally have,  while  many  of 
them  would  have  been 
wholly  impossible  at  any 
cost.  In  Fig.  229  we  have 
clearly  before  us  the  chief 
cause  of  their  economy — 

the  comparatively  free  use  [The  section  of  line  shown  by  profile  in  Fig.  330  is  indicated 

of  very  sharp  curves.    On  ^^  ^*»*  ^^'''^'  »*°^  *»^^«-l 

the  1 1.2  miles  shown  in  Fig.  229  there  are  in  all  127  curves,  or  II. 3  curves 

per  mile,  divided  as  to  degrees  as  follows : 


Fig.  93X.— Map  of  the  **  High  Like  "  from  Denver  to 

Lbadvillb. 
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Strike  out  all  curves  sharper  than  10^  (573  ft.  radius)  from  this  list. 
and  we  multiply  the  cost  by  at  least  four  or  five  at  once;  besides  which, 
this  particular  line  becomes  wholly  impossible,  since  the  turn  could  not 
have  been  made  around  **  Nigger  Hill "  nor  in  "  Illinois  Park"  in  the 
centre  of  the  view.  A  far  steeper  grade  or  an  entirely  different  route 
would  therefore  have  had  to  be  chosen.  It  should  also  be  noted  that  one 
rides  over  these  curves  without  the  slightest  sense  of  insecurity  or 
danger,  nor  have  they  proved  to  be  especially  dangerous  in  operation. 
The  motion  around  them  is  as  smooth  as  around  any  of  the  easier 
curves. 

The  writer  has  no  definite  knowledge  as  to  whether  the  general  route 
which  gave  so  very  bad  a  profile  as  this  line  has  was  really  the  best  one, 
and  must  be  understood  to  speak  only  of  the  details  of  the  location. 

947.  Fig.  232  shows  comparatively,  on  the  same  sheet,  a  number  of 
the  great  inclines  of  the  world,***  and  Table  190,  with  its  long  foot-note. 
adds  details  of  many  others,  the  whole  not  making  a  complete  list  by  any 
means. 


*  Only  the  lines  shown  in  comparatively  heavy  lines  on  this  plate,  vii.: 
The  Jalapa  line  from  Vera  Cruz,  the  Denver  &  Rio  Grande,  the  Pennsylvania. 
and  the  Baltimore  &  Ohio  are  of  the  writer*s  compiling.  The  remainder  bat 
been  reproduced  from  a  plate  prepared  by  Mr.  W.  W.  Evans.  M,  Am.  Soc.  C. 
£.,  to  show  the  Peruvian  lines,  and  he  in  turn  was  indebted  to  European  M- 
thorities  for  the  admirable  presentation  of  European  railways.  Comparmtive 
distances  are  of  course  to  be  estimated  by  the  horizontal  distance,  since  the  ex- 
aggerated vertical  scale  exaggerates  the  slant  leng^  greatly. 

A  small  profile  of  the  Mexican  Railway  is  shown  on  the  map  in  Appendix  C. 
It  could  not  conveniently  be  added  to  this  plate  for  comparison  with  the  Jalapa 
line.  Its  general  nature  will  be  indicated  by  projecting  a  4  per  cent  grade  (par- 
allel with  the  Peruvian  line)  from  Las  Vigas  summit  to  the  level  of  Jalapa.  and 
then  continuing  down  to  sea-level  with  mixed  i^  to  4  per  cent  grades,  with 
lost  elevation. 
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Table  190. 

Various  Great  Inclines  of  the  World. 

ody  of  this  table  is  (with  correction  of  a  number  of  errors)  a  list  given  in  The 
of  July  \^y  1885,  as  a  complete  one.  The  notes  beneath  g:ive  various  other  and 
;ter  inclines  omitted  from  the  list.] 


ocB  OP  Incunb. 


£ing 

3haut 

^ny 

CChili) 

^nnawa  (Ceylon) 
^aoiuwa        ** 


Lenffth 

iDcline. 
Miles. 


6 

15 
12 

I  If 

19 


Total 
Rise. 
Feet. 


884 

1,325 
1. 831 
1,690 
1,360 
1,388 
2,227 


Grade. 

Av. 

Max. 

p.  c. 

p.  c. 

2.78 

3.45 

2.13 

2.50 

2.08 

2.70 

2.13 

•  •   •   • 

2.15 

2.25 

2.22 

2.22 

2.22 

2.27 

Maxi- 
mum 
Curve. 


4"  20' 

8'' 40' 

5^45' 
9-30' 

8*40' 
19°    o' 


Lengfthof 
Tunnels. 

Miles. 


2.25 
2.66 
2.26 


.88 
.30 


addition  to  this  list  there  is  to  be  an  extension  of  the  same  Ceylon  railway  which 

aiso  involve  a  further  incline  of  12  miles  rising  1359  ft.,  on  which  an  average  gra- 

of  3. 15  per  cent,  with  a  maximum  of  3.227  per  cent,  will  be  compulsory,  as  will  also 

(loption  of  curves  as  sharp  as  19**."] 

'o  the  above  very  inadequate  list  may  be  added  the  following,  the  whole  not  making  a 

>p\ete  list  by  any  means  : 

idexican  Railway. — Rises  6412  ft.  in  53.9  miles,  4  per  cent  maximum  grade  (3^,  aver- 

),  with  325  ft.  curves  radius  (17**  40')  and  16  tunnels.     In  this  distance  it  also  rises 

"3  ft.  in  12.58  miles,  3.57  per  cent  average  grade  and  4  or  5  tunnels. 

The  air-line  distance  between  the  extreme  points  of  this  latter  section  is  less  than  four 

es,  but  it  includes  the  bota^  or  boot,  so  called  from  its  shape,  nearly  eight  miles  long, 

I  rising  to  a  point  on  the  slope  of  the  mountain  which  to  the  eye  seems  almost  vertically 

r  the  point  at  which  the  '*  boot"  began  1650  ft.  below,  and  which  is  certainly  not  over 
mile  distant  from  it  horizontally,  giving  an  outlook  which  is  even  more  startling  to  the 

ineer  than  to  the  average  traveller. 

Oroya  Railroad^  Peru. — Rises  2352  ft.  in  26  miles  on  3^  per  cent  (i  in  40)  maximum 

de,  to  reach  the  foot  0/  the  main  grade;  then, — 

Rises  12,845  ^^'  ill  7'  miles,  on  4  per  cent  grade,  with  14^*  curves  (396  ft.  radius),  to  an 

ration  of  15,645  ft.,  with  42  tunnels. 

On  this  line  there  are  several  switchbacks  (Figs.  317  to  231),  but  the  first  thirteen  miles 

s  2105  ft.  without  any  switchback. 

There  are  one  or  two  other  lines  in  Peru  of  the  same  general  character,  but  rising  to 

( elevations. 

Among  the  European  inclines  not  included  above  are : 

St.  Gothard. — Rising  2750  ft.  in  20^  miles ;  142.5  ft.  per  mile  maximum  grade  (a.7per 

t)  ;  130  ft.  average  grades.     Also  rising  2090  ft.  in  15^  miles,  with  38  per  cent  of  the 

tance  tunnels,  including  (on  both  \X^fs/t  inclines)  seven  spiral  tunneb  turned  into  the 

untain  to  gain  distance  (Figs.  202  to  206). 

Brenner. — Rising  2584  ft.  in  22^  miles,  132  ft.  per  mile  (2.5  per  cent)  maximum  grade ; 

^6  ft.  average. 
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In  the  United  States  there  are  : 

Southern  Pacific, — Rises  3674  ft.  in  25.4  miles ;  116  ft.  per  mile  (a.ao  per  cent)  mui- 
mum  ^ade;  10°  maximum  curve;  11  tunnels,  including  a  "loop,"  or  more  propcrtj, 
spiral  or  helix,  3800  ft.  long  and  rising  78  ft. 

Denver  &*  Rio  Grande^  Marshall  Pass. — Rises  3675  ft.  in  25  miles,  4  per  cent  (an  ft. 
per  mile)  maximum  grade  ;  24°  maximum  curve.  Height  of  sununit,  10,853  ft.  abote  Ike 
sea.    Also, 

La  I'eta  Pass. — Rises  2368  ft.  in  15  miles  ;  same  grades  and  curves  as  above.  Height 
of  summit,  9339  ft. 

The  lines  over  Fremont  Pass,  11,540  ft  above  the  sea,— the  highest  point  reached  bf 
the  locomotive  anywhere  in  the  world  except  in  Peru, — and  the  Tennessee  Pass,  10,418  ft 
high,  are  of  the  same  general  character. 

Another  very  notable  heavy  grade  on  this  same  road  is : 

Calumet  Mine  Branchy  Denver  &*  Rio  Grande. — Risis  same  orjoo  ft,  in  stvtm  tmOts 
on  an  eight  per  cent  grade  (nearly  406  ft.  per  mile)  with  35**  maximum  curves. 

This  unparalleled  line  is  used  to  bring  ore  to  the  Bessemer-steel  works  at  Pueblo,  and 
is  op>erated  by  one  train  per  day  each  way.  It  is  undoubtedly  the  heaviest  grade  on  aaj 
regularly  operated  railroad  in  the  world,  although  10  per  cent  temporary  grades  (528  ft 
per  mile)  were  successfully  operated  for  over  two  months  over  the  Kingwood  Tunnd  o( 
the  Baltimore  &  Ohio  Railroad  by  the  late  Benj.  H.  Latrobe  as  early  as  185a.* 

These  latter  lines  are  narrow-gau^^^e,  but  need  not  remain  so  unless  they  choose. 

Mexican  National. — Rises  2628  ft.  in  17  miles;  on  3.8  percent  (aoi  ft.  per  mile)  max^ 
imum  grade;  15°  maximum  curves;  with  a  descent  of  1325  ft.  in  nine  miles  on  a  3.5  per 
cent  (^racle  on  the  other  side  of  the  summit.  Laid  to  narrow-gauge,  but  expressly  buik 
throughout  to  be  adapted  to  standard  gauge.     On  same  road  : 

Mexican  National^  Xorthern  Division. — Monterey  to  Saltillo.  Rises  3465  ft.  in  54 
miles,  at  an  average  rate  of  64  ft.  per  mile,  most  of  the  rise,  however,  concentrated  on  a 
short  porti«.»n  of  the  distance  on  jjrades  of  2^  per  cent 

Less  important  inclines  which  are  for  one  reason  or  another  notable  are: 

Tyrone  (5r*  Clearfield. — A  little  branch  of  the  Pennsylvania  Railroad.  Rises  1064  ft 
in  10  miles.     Tanj^ent  maximum,  138  ft.  f)er  mile. 

Central  /'/£//?«■.— Rises  992  ft.  in  13  miles;  a  percent  (105.6  ft.  per  mile)  maximum 
grade;   10*  rur\os;  eij^ht  tunnels. 

Sort  hern  Pacific. — Rises  1668  ft.  at  116  ft.  per  mile  (a.a  per  cent)  in  an  air^line  dis- 
tance of  13  milfs.  • 

Mexican  Central. — Rises  1750  ft.  in  19  miles  at  San  Juan  del  Rio  with  easy  grades  and 
cur\'es  and  1650  ft.  at  Zacatecas. 

Amon;^  liiu-s  l<K'ated,  but  not  yet  built,  may  be  mentioned  : 

Lucktnanier  Pass  (near  the  St.  Gothard). — Rises  on  a  development  of  agVi  miles 
between  two  /^oint^  six  miles  apart,  on  a  maximum  grade  of  132  ft.  per  mile  ,(3.5  per 
cent)  implyini:  a  descent  of  something;  less  than  3900  ft.,  with  maximum  curves  of  984  ft 
raditi<i  (^^  4<-/). 

Mexican  Central. — Two  lines  ascending  from  the  coast  to  the  central  plateau  of  Ilex* 
ico,  one  from  the  Gulf  of  Mexico  at  Tanipico  and  the  other  from  the  Padfic  at  San  Blas» 
both  of  which  rise  some  4500  ft.  on  2  to  3  per  cent  grades. 


*  For  a  full  and  most  interesting  account  of  these  and  other  woila  by  Mr.  Latrobc, 

jKuit^cad  Citzettf,  December  5,  1874. 
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Vera  Crua  to  City  0/  Mexico^  viajalapa. — The  line  more  fully  described  in  Appen- 
Ix  C.  Rising  7323  ft.  (2232  metres)  in  one  unbroken  a  per  cent  (average)  gradient  for 
3.64  miles  (i  16.9  kilometres)  or  from  an  elevation  of  600  ft.  to  an  elevation  of  7933  ft 
bove  the  sea. 

948.  The  great  effect  of  fluctuations  of  velocity  to  modify  the  nom- 
nal  rates  of  short  gradients  may  be  illustrated  by  the  following  tests 
(lade  by  Mr.  C.  H.  Hudson,  a  prominent  and  able  railway  manager.  The 
ests  are  thus  described  :* 

**  Recently,  for  the  purpose  of  testing  a  new  engine  of  the  Consolidation 
attem,  just  received  by  the  East  Tennessee,  Virginia  &  Georgia  Railroad,  we 
reighed  a  train  of  30  loads,  caboose  and  private  coach,  and  took  it  with  the 
ngine  to  a  heavy  grade  about  a  mile  long,  averaging  67.  i  ft.  per  mile.  The 
rade  was  not  even,  but  undulating  ;  some  being  more  and  some  less  than  the 
verage.  In  one  place,  100  ft.  were  at  the  rate  of  98  ft. ;  another,  spots  of 
00  ft.  at  the  rate  of  91,  and,  of  course,  to  match  it  other  spots  were  less  than 
le  average.  Before  reaching  the  grade,  there  were  about  1600  ft.  of  level; 
lostly  on  a3*'  curve  to  right,  which  curve  continued  800  ft.  up  the  grade.  Thea 
allowed  [curves  and  tangents  for  4800  ft.  in  all]  when  the  summit  was  reached, 
'he  day  was  warm  and  dry,  and  circumstances  favorable.  The  weight  of  train 
ras  as  follows : 

**  Engine,  109,000  lbs.;  tender,  55,000  lbs.;  32  cars,  1,453,160  lbs.;  total, 
,617,160  lbs.  Cylinders,  20  by  24  in.;  diameter  of  drivers,  59  in.;  weight  on 
rivers.  97,000  lbs. 

^*  First  Test. — The  engine  stood  at  start  at  water  tank  about  1500  ft.  from 
>ot  of  grade,  and  when  grade  was  reached  was  making  about  18  miles  per  hour. 
A  a  point  3700  ft.  from  the  grade  the  engine  came  to  a  stand,  unable  to  take 
-ain  through.  It  was  then  backed  down  and  two  cars  set  off,  weighii^g  123,500 
>s.,  leaving  weights  as  follows  : 

''Engine,  109,000  lbs.;  tender,  55,000  lbs.;  train,  1,329,660  lbs.,'  total, 
,493,660  lbs. 

Second  Test, — This  time  the  engine  started  from  the  same  place  as  before, 
truck  the  grade  making  22.3  miles  per  hour,  and  in  seven  minutes  turned  the 
iimmit,  making  4.5  miles  per  hour.  The  engine  averaged  145  lbs.  steam,  was 
rorked  most  of  the  way  in  the  second  notch  from  bottom,  or  at  about  an 
8-inch  cut-off,  the  last  1200  feet  being  in  lowest  notch,  or  what  was  called 
ill  stroke  (22-inch  cut-off).  Very  little  sand  was  ased ;  engine  did  not  slip 
ny. 

'  '•  While  this  grade  was  undulating,  it  seemed  fair  to  take  the  average, — which 
as  been  stated  67.1  per  mile,  or  1.27  per  cent, — giving  a  resistance  due  gravity 
er  ton  of  .0127  X  2000  =  25.4  lbs. 

The  locomotive- power  indicated  by  these  records  is  then  computed  in 

he  f6llowing  manner — correct  numerically,  but  wholly  incorrect  in  its* 

pp>arent  indications : 

Lbs.  per  ton. 

'Train  resistance 5.0 

!urve  resistance  on  6**  curve 6.0 

rrade  resistance  (1.27  per  cent) 25.4 

'otal  resistance  to  be  overcome 36.4  lbs. 

^  Jour,  Assoc,  Eng.  Societies,  1886. 
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**  Weight  of  engine  and  train  being  747  tons  ;  747  X  36.4 =  27,151  Ibl. 

But  about  100  ft.  of  the  train  will  be  on  a  10**  curve,  where  the 
resistance  per  degree  is  .05,  or,  for  the  lo**  •SO  percent ;  the  est! 
mated  resistance  on  a  6**  curve  was  .30  per  cent :  here  is  an  ex- 
cess of  .20  per  cent,  or  per  ton,  4  lbs.     Now,  three  cars  are  all  of 
the  train  on  this  curve,  and  we  have  69  tons,  which  gives  69  X  4  =        376  Ibt. 

Making  a  total  resistance  to  overcome  of 27i467  Ibt. 

"  You  will  note  that  here  we  develop  a  tractive  force  of  28.3  per  cent  of  the 
weight  on  drivers  ;  not  so  great  as  in  other  cases,  but  much  over  ordinary  prac- 
tice. 

•'The  theoretical  power  of  the  engine  would  be  as  follows:  ^— -^ 

X  cylinder  pressure  =  192  X  130  (assumed)  =  24,960  lbs. 

"  The  estimated  resistance  per  ton  is,  including  the  correction  for  the  10* 
curve,  36.8  lbs. 

*'  Divide  the  theoretical  power,  24,960,  by  this  resistance  36.8,  and  we  have : 

24,960  -I-  36.8  =  678  tons  =  1,356,000  lbs. 
Being  the  theoretical  amount  the  engine  would  move  up  this  grade,  or  about 
137,000  lbs.  less  than  the  actual  amount  moved.     TAe  actuai  wmrk  exceeds  the 
theoretical  by  about  the  weight  of  the  engine  and  tender,** 

949.  The  true  explanation  of  this  apparent  anomaly  is  that  the  en- 
gine in  reality  did  no  such  thing  as  to  develop  a  tractive  force  of  27,467 
lbs.,  nor  is  there  any  real  discrepancy  between  the  actual  and  theoreti* 
cal  work  done.    The  true  way  of  computing  the  tests  is  as  follows : 


Nominal  average  rate  of  grade  (that  of  the  profile) 1.27 

Correct  for  curvature  at  0.03  to  0.05  vertical  feet  for  each  degree  of  cen- 
tral angle,  which  is  in  efifect  an  addition  to  the  grade  of 0.1s 

And  we  have  as  the  equivalent  nominal  grade,  including  effect  of  uncom- 
pensated curvature 1.39 

Where  the  curvature  is  makes  no  great  difference,  unless  it  stalls  the 
train,  and  we  need  not  now  go  into  that  detail. 
Then  to  compute  the  first  test  we  have  :♦ 

Train  struck  foot  of  grade  at  velocity  of  1 8.0  miles  per  hour,  and  stalled 

in  3700  ft.  Vel.-head  for  18.0  miles  (Table  118),  11.50  ft.;  il'l?  =  0.31 1  verL 

37.00 
ft.  per  station  as  the  work  done  by  momentum.     1.39  —  0.31 1  =  x.08  per  cent 
as  the  virtual  grade,  or  the  one  up  which  the  unassisted  traction  0/  th*  engine 
hauled  the  train. 

Miles  per  boor.     Vcl.-haid. 
Second  Test, — Speed  at  foot  of  grade  (4800  ft.  long). . . .      22.3  17.67  ft, 

top  "         4.5  .73ft. 


••  •<       »r%n  (< 


16.94 

*  For  strict  correctness  the  distance  travelled  up  the  grade  by  the  centre  of 
gravity  of  the  train,  and  not  the  engine,  should  be  used  in  this  test,  but  as 
the  initial  velocity  was  taken  from  the  engine  it  is  impossible  to  do  so. 
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16.04  vert,  ft  ^    .  .V         •  .  J    •     J  r 

-s-^^ : —  =  0.353  vert.  ft.  per  station  as  the  assistance  derived  from  mo- 

48.00  suuons 

mentum,  and  1.39—0.353  =  1.04  per  cent  as  the  virtual  grade  in  the  second 

<esL 

All  this  is  shown  graphically  in  Fig.  233.    At  the  foot  of  the  grade 
the  vertical  head  corresponding  to  the  given  velocities  is  erected,  and 


I 


h 


^^^ 


3^        ^ps>^^^csC^f^ 


JiTDO 


4«00 

Fig.  233. 


also  at  the  head  of  the  grade,  although  it  is  so  small  as  to  be  hardly  visible. 
The  dotted  lines  show  the  virtual  grades.  The  two  tests  coincide,  it  will 
be  seen,  almost  exactly  in  the  virtual  grade  which  they  indicate,  espe- 
cially if  we  remember  that  the  engine  used  a  little  more  steam  on  the 
upper  part  of  the  second  run. 

This  virtual  grade  includes  the  effect  of  curvature, ^and  for  the  power 
developed  by  the  engine  we  have : 

Lbs.  per  ton. 

Train  resistance 5.0 

Grade  worked  by  engine  power  (say  1.06  per  cent) 21.2 

Total  per  ton 26.2 

26.2  lbs.  per  ton  X  747  tons =  19,571  lbs. 

Against  Mr.  Hudson's  computation  of  actual  work  of 27,467    " 

And  of  theoretical  work  with  130  lbs.  pressure  of 24,960    ** 

The  actual  work  done  requires  an  average  effective  piston  pressure  of 

"'^^  ■  =  a  fraction  over  100  lbs.  per  square  inch,  which  is  coming  down 
192 

within  the  bounds  of  reason  (and  barely  that)  for  a  Consolidation  eng^ine 
carrying  140  lbs.  of  boiler  pressure  and  running  over  15  miles  per  hour. 
950.  We  may  see  how  these  variations  of  velocity  may  tend  to  in- 
crease grades,  and  how  nearly  our  process  of  computing  them  will  check, 
by  considering  what  took  place  between  the  starting-point  and  foot  of 
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the  grade,  1 5cx>  ft.  off,  over  a  NOMINALLY  level  grade.    The  virtual  grade 

may  be  thus  determined  : 

In  first  test.  In  second  tot 

Speed  acquired  in  1500  ft 18.00  23.30 

Corresponding  vel. -head,  ft 11.50  17.67 

Then  we  have,  as  the  virtual  grades  per  station.. .  — —  =  0.77  =  1.18 

15.00  15.00 

In  other  words,  in  the  first  test  the  engine  started  off  lazily  and  did 
not  do  as  much  work  as  after  it  struck  the  grade.  In  the  second  test  the 
engine  succeeded  in  doing  somewhat  more  work  than  it  did  after  it  struck 
the  grade,  as  is  but  natural  from  the  fact  that  its  average  velocity  was 
less  and  (probably)  it  used  more  sand  and  had  a  somewhat  higher  boiler 
pressure.  But  the  correspondence  is  close  without  these  allowances; 
quite  sufficient  to  indicate,  what  is  beyond  question,  that  the  method  is 
essentially  trustworthy. 

Now,  had  this  grade,  instead  of  being  only  4800  ft.  long,  been  48.000 
ft.  long,  it  will  be  evident  that  the  same  initial  velocity  would  have  done 
very  little  to  help  out  the  engine.  To  derive  equal  aid  from  momentum 
we  should  have  needed  to  have  a  vertical  head  ten  times  as  great  in  that 
case,  or  176  ft.,  which  would  have  carried  the  necessary  initial  speed  up 
to  the  impracticable  limit  of  nearly  71  miles  per  hour.  Consequently, 
while  short  grades  and  short  sags  may  be  operated  almost  as  levels  with 
speeds  of  30  to  50  miles  per  hour,  long  grades  or  bad  sags  can  be  but 
little  helped  out  by  momentum.  In  the  one  case  the  profile  tells  the 
truth,  and  in  the  other  it  does  not. 
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LARGER  ECONOMIC  PROBLEMS. 


"  The  rich  man's  wealth  is  his  strong  dty :  the  destruction  of  the  poor 
is  their  poverty." — Proverbs  x.  15. 

**  For  whosoever  hath,  to  him  shall  be  given,  and  he  shall  have  mora 
abundance :  but  whosoever  hath  not,  from  him  shall  be  taken  away  even 
that  he  hath." — Matthew  xiii.  12, 

**  For  which  of  you,  intending  to  build  a  tower,  sitteth  not  down  first, 
and  counteth  the  cost,  whether  he  have  sufficient  to  finish  it  ?  Lest  haply, 
after  he  hath  laid  the  foundation,  and  is  not  able  to  finish  it,  all  that  be- 
hold it  begin  to  mock  him,  saying.  This  man  began  to  build,  and  was 
not  able  to  finish."— Luke  xiv.  28-jcx 
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LARGER  ECONOMIC  PROBLEMS. 


CHAPTER  XXL 

TRUNK   LINES   AND   BRANCH   LINES. 

951.  That  the  most  elementary  conditions  on  which  the  suc- 
Tress  or  failure  of  railway  enterprises  depend  are  often  radically 
^misunderstood,  almost  necessarily  follows  from  the  fact  that  the 
world  is  so  full  of  examples  of  misdirected  enterprise — of  lines 
built  with  great  hopes  of  profit  which  have  proved  miserable 
failures;  while,  on  the  other  hand,  there  are  so  many  examples  of 
roads  built  for  local  purposes,  or  otherwise  without  particular 
expectation  of  a  brilliant  future,  which  have  proved  magnificent 
properties.  Among  innumerable  examples  which  might  be  men- 
tioned we  may  take  the  West  Shore  Railroad  of  New  York  as 
an  example  of  the  first  class,  and  the  parallel  New  York  Central 
of  the  last:  the  present  New  York  Central  &  Hudson  River  Rail- 
road having  been  made  up  by  the  consolidation  of  six  or  eight 
different  local  lines,  built  with  little  or  no  reference  to  the  forma- 
tion of  a  great  trunk  line.  These  two  lines  are,  in  their  different 
ways,  striking  examples  of  the  fact  that  the  conditions  which  con- 
trol the  future  prosperity  of  such  properties  are  often  wholly 
misunderstood. 

952.  It  seems  for  many  reasons  probable  that  by  farthe  larger 
part  of  this  very  general  misunderstanding — of  the  blundering 
into  unexpected  success  on  the  one  hand,  and  into  dismal  and 
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utter  failure  on  the  other — arises  from  a  single  cause,  viz.,  an 
imperfect  understanding  of  certain  elementary  facts,  which  we 
will  now  consider,  as  to  the  effect  upon  the  productiveness  of  the 
property  of  any  increase  in  the  sources  of  traffic.  The  unex- 
pectedly good  or  bad  fortune  of  hundreds  of  properties  can  be 
traced,  in  part  or  whole,  to  this  single  cause. 

953.  Let  us  suppose  a  railway  to  be  projected,  say  loo  miles 
long,  to  connect  two  traffic  points  of  some  importance,  A,  3^  Fig. 

A  o      ^33'*  ^®  ^^^^  assume  for 

^        ■  #    simplicity  that  there  is 

F'ic.  233'.  little  Of  no  intermediate 

local  traffic,  as  often  happens.  We  will  consider  A  and  £  to  be 
equal,  not  necessarily  in  population,  but  in  traffic-contributing 
capacity  to  this  particular  line.  The  traffic  which  the  railway 
has  to  support  it  may  be  then  represented  by  the  combination 
AB,  being  that  which  naturally  exists  between  two  traffic  points 
of  the  importance  of  A  and  B, 

954.  Let  us  now  suppose  that  another  alternate  route  maybe 
chosen,  which  by  a  slight  detour  will  strike  an   intermediate 

C  traffic  point  C,  Fig.  334, 

j6-— — "TT^rrnr]^— .^^rrT—irrrrrrrrrr^    o^  equal  potential  mag- 
nitude with   A  and  B: 
^^'  '^'  how   have    we    affected 

the  revenue-earning  capacity  of  the  line  ? 

A  most  natural  answer — beyond  all  question  a  very  common 
answer — is  that  we  have  increased  it  just  50  per  cent.  Instead  of 
serving  perhaps  100,000  people  in  the  two  towns  ^  and  Awe 
now  serve  150,000  people  in  the  three  towns  A^  jff,  C  Fifty  per 
cent  more  people,  fifty  per  cent  more  traffic,  fifty  per  cent  more 
earnings — seem  natural  corollaries  of  each  other. 

On  the  contrary,  it  may  be  shown  at  once  that  we  have 
doubled  our  probable  traffic,  and  really  we  have  tripled  our  traffic, 
and  rather  more  than  tripled  it.  Instead  of  having  only  Traffic 
AB,  Fig.  233',  we  have  Traffic  AB,  Traffic -4C,  Traffic  CB,  Fig.  234 

The  value  of  the  latter  is  obviously  twice,  and  really  consid- 
erably more  than  three  times,  that  of  the  former* 
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To  have  the  traffic  tripled  we  must  assume  that  Traffic  AB^ 
Traffic  AC,  and  Traffic  £C,  Fig.  234,  are  of  equal  financial  value 
— which  they  are,  as  nearly  as  may  be. 

955t  An  objection  to  this  statement  will  naturally  suggest  it- 
self— that  in  Fig.  234,  although  the  traffic  points  A,  B,  C  are 
equal  in  magnitude,  yet  the  haul  on  the  Traffic  AB  is  twice  that 
on  Traffic  AC  or  CB,  Therefore,  if  the  volume  of  each  be  the 
same  and  the  rates  be  the  same,  we  apparently  have  Traffic  AB  = 
Traffic  AC  +  Traffic  CB,  so  that  we  have  only  doubled  instead  of 
tripling  our  traffic  from  a  revenue-producing  point  of  view. 

But  these  latter  assumptions  are  not  correct,  either  as  respects 
the  volume  of  or  rates  on  traffic. 

As  respects  the  effect  of  distance,  it  may  be  said  in  a  general 
way  that,  if  we  consider  only  great  and  decided  differences  of 
distance,  the  volume  of  traffic,  both  passenger  and  freight,  will 
be  at  least  inversely  as  the  distance :  that  is  to  say,  if  two  given 
traffic  points,  100  miles  apart,  could  be  moved  up  to  a  distance 
of  only  50  miles  from  each  other,  and  remain  otherwise  un- 
changed, the  volume  of  traffic  between  them  will  be  at  least 
doubled.  New  York  and  Philadelphia,  for  example,  are  90  miles 
apart,  and  New  York  and  Boston  231  miles.  Could  these  cities 
be  moved  up  to  within  45  and  115  miles  of  each  other  the  volume 
of  traffic  between  them  might  even  be  quadrupled,  and  certainly 
the  lines  connecting  them  would  be  very  much  better  properties, 
because  the  loss  of  haul  would  be  more  than  made  up  by  the 
increase  of  volume,  even  as  respects  gross  revenue,  leaving  the 
saving  in  expenses  by  the  shorter  haul  and  the  probable  higher 
rates  per  mile  almost  a  clear  gain. 

956.  As  to  rates,  it  is  an  entirely  safe  general  rule,  that  freight 
hauled  only  half  as  far  will  pay  a  materially  larger  rate  per  mile 
for  the  haulage  proper,  excluding  the  terminal  charge,  which  is 
in  effect  a  part  of  every  rate. 

The  passenger  rates  per  mile  might  well  be  the  same  or  even 
lower,  but  this  would  only  be  for  the  reason  that  it  was  profita- 
able  to  make  them  lower,  to  secure  the  far  greater  net  gain  from 
the  increase  of  volume.  The  traffic  would  in  all  such  cases  bear 
a  materially  higher  rate  per  mile  without  decreasing  its  volume 
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below  what  would  exist  with  twice  the  haul.  Taking  both  these 
considerations  together,  it  is  quite  certain  that,  whether  we  con- 
sider great  distances  or  small,  nearness  of  traffic  points  is  cer- 
tainly no  disadvantage  to  the  financial  productiveness  per  unit 
of  the  traffic  between  them.  For  example,  if  the  haul  on  wheat 
to  the  seaboard  were  only  half  as  great,  it  cannot  be  questioned 
that  it  would  be  a  more  profitable  traffic,  and  it  would  possibly 
pay  quite  as  large  gross  rates.  The  New  York-Newark  traffic, 
9  miles,  is  far  more  profitable  and  far  larger  ia  the  aggregate, 
in  proportion  to  the  size  of  the  two  places,  thaa  the  New  York- 
Philadelphia  traffic,  90  miles.  If  Philadelphia  were  as  near  to 
New  York  as  Newark,  both  the  volume  and  the  productive  value 
of  their  interchanged  traffic  would  be  enormously  greater  than  it 
is  now. 

957.  There  are,  of  course,  certain  possible  exceptions  to  this 
general  rule.  The  tonnage  between  the  anthracite-coal  mines 
and  New  York,  for  example,  might  not  be  much  larger  than  it  is 
if  the  haul  were  only  50  miles  instead  of  150,  for  about  so  much 
must  be  had  at  any  cost,  and  more  than  that  is  not  needed.  And 
yet  it  probably  would  be  larger,  both  because  the  more  favorable 
conditions  for  coal  supply  would  have  greatly  stimulated  manu- 
factures, and  so  the  growth  of  population  as  well,  and  because 
the  rates  per  mile  hauled  would  be  higher. 

958.  We  see,  therefore,  the  reasons  why,  assuming  the  points 

A^  By  C,  Fig.  234,  to  be  of 
inherently  equal  traffic- 
producing  capacity,  the 
short-haul  traffics,  AC 
and  CBy  should  Qach  one 
of  them  be  of  more  rath- 
er than  less  value  than 

^  the  long-haul  traffic,  AB\ 
from  which  it  follows 
that  the  aggregate  of  the 
three  traffics  AB,  AC,  CB,  Fig.  234,  will  be  worth  more  rather 
than  less  than  three  times  as  much  as  the  traffic  AB  alone. 


Fig.  834. 


Fig.  235. 
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Fig.  037. 


his  being  determined,  let  us  now  extend  the  inquiry  by  de- 
ining,  in  the  same 
ler  as  above,  the 
able  comparative 
c  on  FIVE  different 
of  any  common 
:h,  Figs.  233-237, 
ig  two,  three,  four, 

and  six  traffic  points  on  them,  each  point  being  assumed, 
;he  sake  of  simplicity,  to  be  of  equal  traffic-producing 
:ity. 

^e  then  have, 

compaxatiyb 
Tkapfic 

I 

3 
6 


Trappic  Ukits. 

ig.  ^ZZi 

2  traffic 

points 

,         A 

'  ^only, 

234, 

3     ." 

« 

AB, 

AC, 

CB, 

^ZS, 

4      " 

«< 

SAB, 

\ad, 

AC, 

CB, 

BD, 

CD, 

1 

[AB, 

AC, 

CB, 

236, 

S      " 

•*        H 

\ad. 

BD, 

CD, 

( 

\ae. 

BE, 

CE, 

'  AB, 

AC, 

CB, 

AD, 

BD, 

CD, 

a37» 

6      « 

M       . 

AE, 

BE, 

CE, 

DE, 

AE. 

BE, 

\CF, 

DE, 

EF, 

10 


DE. 


IS 


omparing  Fig.  233  with  Fig.  237,  by  multiplying  our  traffic 
;s   by  THREE  we  have  multiplied  the  traffic  by  fifteen,  or 
increased  the  productiveness  of  each  separate  traffic   point 
times. 

^9.  This  process,  with  certain  corollaries  which  follow  there- 
,  is  extended  somewhat  further  in  Table  191  and  illustrated 
[lically  in  Fig.  238. 
will  be  seen  from  Fig.  238  that  when  on  any  given  line  with 
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any  given  number  of  traffic  points  of  equal  weight  on  it,  we 
have — 

No.  of  traffic  points,       'I     3     |        4        |  ...n. 

In  otherwords,  the  comparative  aggregate  traffic  for  any  num- 
ber of  traffic  points  n  is  given  by  the  sum  of  the  natural  num- 
bers to  ft  —  I  inclusive.  The  sum  of  such  a  series  to  n  inclosiTi 
is  given  by  the  formula 

I       ^^^(i+0^i+.      , 

'^  2  2  " 

I  ,.«         So  that  for  the  aggregate  traffic  T,  due  to 

I   ^  ■    I      ' 


1 1 


n  traffic  points,  we  have 


/  being  any  coefficient 


A 

e 

c 

0 

» 1 

ra 

ai                  |.c|so[ 

0 

3 

6i              |A=|ao|co| 

E 

4 

10  1                 1  AE   [   BE  [CE   |-DE  | 

G 

H 

S 
6 

15;           1  Af|  BF   [;CF    |  OF   |  EF  | 

iX       I  AG  1  BG  1  CG   j  Dg|  EQ   1  Fa  1 

7 

2a   AH  |h.h  I  ch  [dh  (eh  |fh  Iqh  I 

Fig.  13S.-tLl.l'STRATIHD 

C,  D.  E.  F.  HTt..  Fir^= 


F  iNcuHiNr  ■»  Tiurric  ai 


For  any  larger  number  of  points  J^  we  have  similarly 

r=/;n^il; 
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(4)- 


hence  the  ratio  of  increase  is 

r  "■«(«- 1) 

As  n  becomes  a  larger  number,  the  ratio  of  ii  to  fi  —  i  becomes 
ore  and  more  nearly  unity,  until  finally  the  ratio  of  7^  to  T 
scomes  sensibly 


.* ' 


(5) 


T        n- 

hich  is   THE   EQUATION   GIVING    THE   GENERAL   LAW   OF   INCREASE 
I  EARNINGS  DUE  TO  AN  INCREASE  OF   TRIBUTARY   TRAFFIC    POINTS 

!?  THE  SAME  LENGTH  OF  LINE ;  i.e.,  the  productive  traffic  varies 
>  the  SQUARE  of  the  number  of  tributary  sources  of  traffic. 


Table  191. 

Showing  the  Effect  upon  Aggregate  Traffic  of  Interpolating 

Additional  Traffic  Points  in  the  Line. 

[See  Figs.  933-338.] 


Per  Cent 

Absolute 

No.  OF 
Traffic 
Points. 

RelatiTe 
Traffic. 

Traffic 
Per  Unit  of 
Population. 

Increase  of 

Traffic 

by  Adding 

One  Traffic 

Point. 

Increase  of 

Traffic 

by  Addinff 

One  Traffic 

Point. 

2 

I 

0.5 

...... 

•  • 

3 

3 

I.O 

200.0 

2 

4 

6 

1.5 

lOO.O 

3 

5 

10 

a.o 

66.7 

4 

6 

15 

2.5 

50.0 

5 

7 

21 

3.0 

40.0 

6 

8 

28 

3.5 

33-3 

7 

9 

36 

4.0 

28.6 

8 

10 

45 

4.5 

25.0 

9 

II 

55 

5.0 

22.2 

10 

12 

66 

5-5 

20.0 

II 

13 

78 

6.0 

18.2 

12 

14 

91 

6.5 

16.7 

13 

15 

105 

7.0 

15.4 

14 

etc. 

etc. 

etc. 

etc. 

etc. 

It  win  be  seen  from  the  last  column  of  this  table  that  the  absolute  gain  from  a  given 
dition  of  tributary  population  is  greater  in  proportion  to  the  amount  of  other  tributary 
pulation,  but  that  the  addition  per  cent  is  very  much  greater  on  light-traffic  roads. 
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Table  192.— Growth  of  New  York  City  Internal  Passenger  Trafhc 


Tbas. 


1853. 
54- 

1855. 

56. 

57. 
58. 

59- 

i860. 

61. 
62. 
63. 
64. 

1865. 

66. 
67. 
68. 
69. 

1870. 


71 

72 

73 

74 •••••• 

1875 •••••• 

7  V   •••■•• 

77 •••••• 

70 •••••• 

79 

1880 

81 

02 •••■•• 

83 

84 

1885 

oO> • • ■ • ■ 

Oy**a ■  ■  • 

88 

89 

1890 

1891 


Bstimated 
and  Actual 
Population. 


581. 
605. 

629,810 

663. 
698. 
734. 
773- 
813,669 

826. 
838. 
850. 
863. 

876. 

889. 
902. 

915. 
929. 

942,292 

962. 

982. 
1.003. 
1.024. 

1,045,223 

1,076. 
1,107. 

1,139. 
1,172. 

1,206,299 

1,249. 
1,294. 
1,340. 

1,387. 

1,437. 
1,488. 

1,541. 

1,595. 
1,652. 

1,710,715^ 
1.772. 


City  Passbngsk  Tbaprc 
(Thousands). 


BleTated 
Roads. 


None. 


«« 

•< 

•< 
•< 
II 

•I 

•I 
<• 
•I 
•I 


136 
644 
796 

921 

2.013 
3,012 
9,291 

46,045 

60,832 

75,586 
86,361 

92,125 
96,703 

103,355 
115,110 

158,963 
171,530 
179.497 
185.834 
201,202 


Horse 
Cars. 


(Same  as 

next 
column.) 


143.561 
144.715 
151,131 

165,997 

166,401 
160,924 
160,899 

141.939 

150,390 
155,801 
166,511 
176,625 

187,413 
193,762 

206,802 

203,453 
199,484 

206,298 
218,565 
229,651 


Total. 


6.836 
>     6.817 

18,488 

23,153 
32,190 

27,900 

32.889 

36.455 
96,373 
35.878 
40,4x2 
60,900 

82.055 

88,953 
100.543 

105,817 

"4.349 

115.139 

133.894 

143.697 

145,359 
151.927 

166,918 

168.414 
163.936 
170.150 
187.984 

211.322 

231,387 
352,872 
268.750 
284,116 

297,117 

321.912 
362,416 

371.014 
385,795 

404,399 

430,853 


PBB  iNHABrTAIIT. 


Blerated. 


O.I 
0.6 
0.8 

0.9 

X.9 

2.7 
8.x 

39-4 

50.5 

60.5 
66.6 
68.8 
69.5 

71.8 

77.0 
103.0 
107.4 
108.7 

108.3 
113.4 


Horse. 


II. 8 
II. 3 
39.4 
35.0 

31.9 
38.0 

42.7 

44.7 

31.8 
42.8 
47.6 
70.6 

93.8 

100. 0 

III.O 

115. 6 
123.5 

132. 0 

139.4 
146.0 

144.4 
147.* 

158.8 

154*5 

135. 3 
131. o 

131. 4 

134.7 

134.6 
138.6 
131-8 
134.8 

134.7 
148.8 
133.1 
134.8 
135.0 

137.6 
139.5 


Total 


II. 8 
II. 3 

29.4 

35.0 

31.9 
38.0 

42.7 

44.7 
31.8 
42.8 
47.6 
70.6 

93.8 

lOO.O 
III.O 

115.6- 

123.5 

122.0 

139-4 
146. 1 

145  .<^ 
148.6 

159-7 

156-4 
148.0 

149.1 

160.8 

i75.« 
185. 1 
195.8 
200.6 

204.3 

206.5 

215.8 

235.1 
232.8 

233.7 
235.9 
842.9 


*  City  enumeration,  not  U.  S.  census,  which  was  shown  to  be  too  small. 
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Summary. 


Popula- 
tion. 

Trips  pbk  Inhabitant. 

No.  OP  Limbs. 

.  No.  Trips 
per  iDhab't 

YSAX. 

Horse. 

Blerated. 

Total. 

Horse. 

BlcTsted. 

per  100,000 
of  Popula- 
tion. 

1853 

1855 

i860. 

1865 

1870. 

1875 

1880 

X885 

1890 

581. 
630. 
814. 
876. 
942. 

1.045. 
1,206. 

1,437. 
1,711. 

II. 8 
29.4 

44.7 

93.8 

122.0 

158.8 

124.7 

134.7 
127.6 

0.9 

50.5 

71.8 

108.3 

II. 8 

29-4 

44-7 

93.8 

122.0 

159-7 
175-2 
206.5 

235.9 

a 

4 
6 

13 
12 

19 
23 

•  •  •  • 

•  •  •  ■ 

X 

4 
t  •  •  • 
t  •  •  • 

.   2.03 
4.67 

5.5 
10.7 

I3-0 

15.3 
14.5 
14.4 
13.8 

Since  1885  a  further  and  great  increase  has  begun,  so  that  there  is  every  prospect  that 
t  will  be  more  notable  in  proportion  than  heretofore. 

While  the  growth  of  city  travel  is  in  some  respects  a  special  problem,  since  its  increase 
results  in  great  part  from  the  increasing  distances  which  larger  population  brings,  yet  it  is 
mainly  but  one  expression  of  a  general  law  brought  out  in  Chap.  XXI.,  that  traffic  tends 
Lo  increase  about  as  the  square  of  the  population  or  sources  of  traffic  united  by  con- 
rmient  means  of  communication.  Quite  as  forcible  an  illustration  of  this  law  is 
obtained  by  studying  the  growth  of  traffic  of  States  and  the  United  States  as  elsewhere 
presented.     Compare  Tables  14,  15,  x6;  also  Tables  2,  3,  7,  2x  to  38,  34,  etc 


960.  It  is  plain  that  we  cannot  always,  nor  ordinarily,  count 
>n  any  series  of  points  A,  B,  C,  D^  E,  etc.,  each  of  which  is  ex- 
ictly  equal  to  each  other,  but  we  may  push  the  generalization  a 
little  farther. 

Taking  the  entire  population  of  a  country,  or  of  a  continent, 
>r  of  the  world,  and  conceiving  it  to  be  made  up  of  a  great  num- 
3er  of  units,  either  of  single  individuals  or  of  groups  of  10,  100, 
[,000,  or  1,000,000  individuals,  it  is  plain  that  each  one  of  these 
units  has  potential  traffic  relations  with  every  other  unit.  The 
components  of  each  unit  visit  those  of  the  other  socially  ;  they 
buy  and  sell  from  each  other  ;  they  visit  each  other  in  the  hope 
of  buying  and  selling  ;  they  produce  more  (this  is  an  invariable 
law)  for  the  especial  purpose  of  supplying  the  necessities  of  others 
with  whom  they  have  or  finally  secure  traffic  relations.  Until 
such  traffic  facilities  exist,  these  relations  are  inchoate,  or  merely 
potential.     As  the  facilities  are  extended  they  become  actual ; 
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and  they  should  tend  to  become  actual,  if  our  reasoning  has 
been  correct,  about  in  proportion  to  the  square  of  the  facilities 
afforded  and  of  the  population  served.  Experience  seems  to 
show  that  they  do  tend  to  increase  about  in  this  ratio,  some  evi* 
dence  of  which  fact  is  contained  in  Table  192,  as  also  in  Table 
14,  15,  16,  and  others  referred  to  below  Table  192 ;  but  however 
this  may  be,  that  they  increase  in  very  much  more  than  direct 
ratio  is  beyond  all  question. 

It  is  therefore  unnecessary  to  take  each  individual  town  as 
a  traffic  unit,  as  we  have  done  heretofore.  We  may  regard 
each  individual  person  as  the  traffic  unit,  and  while  it  will  be 
by  no  means  literally  true  that  he  will  have  actual  traffic  rela- 
tions with  all  those  for  whom  the  facilities  exist,  but  only  with 
every  tenth,  hundredth,  thousandth,  or  millionth  person,  accord* 
ing  to  his  character  and  occupation,  yet  practically  the  result  is 
the  same.  His  aggregate  contributions  to  railway  traffic  will 
vary  in  close  accordance  with  the  total  population  connected  with 
him  by  traffic  facilities,  and  his  payments  to  any  particular  line 
will  be  in  direct  proportion  to  that  fraction  of  the  total  of  the 
whole  population  connected  with  him  by  traffic  facilities  which  is 
reached  by  him  over  that  particular  line. 

961.  We  have  thus  only  to  consider  the  points  A^  jff,  C,  D^  Ey 
Figs.  233-237,  to  represent  single  individuals  instead  of  towns  or 
other  traffic  points,  and  to  consider  their  number  »  to  be  indefi- 
nitely multiplied,  when  precisely  the  same  process  of  reasoning 
we  have  just  applied  to  towns  leads  to  precisely  the  same  conclu- 
sion as  respects  individuals. 

We  then  have  n{n  —  i)  =  «*  [Eqs.  (4)  and  (5)]  almost  exactly; 
whence,  if  Z'  =  the  actual  tributary  population  on  the  line  and 
/  =  a  possible  additional  population,  the  percentage  of  increase 
in  traffic  Z,  all  other  things  being  equal,  will  be, 


L  =  ^^±^ W 


F* 


In  other  words,  if  we  have  1,000,000  tributary  population  and 
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can  add  xoo,ooo  more,  each  unit  of  which  is  of  the  same  traffic- 
producing  capacity,  the  increase  will  be 

(lO+l)' 

i 4— i.  —1  =  21  per  cent. 

lO  ^ 

If  our  original  population  were  500,000,  we  should  have,  all 
other  things  being  equal, 

(5  +  1V 

^      ,    —  1  =  44  per  cent. 

This  is  really  a  more  correct  way  of  arriving  at  the  theoreti- 
cal effect  of  additional  sources  of  traffic  than  that  used  in  Table 
191,  since  it  takes  each  individual  as  the  unit,  instead  of  a  group 
of  20,000  or  100,000.  It  gives  a  somewhat  smaller  percentage,  but 
the  difference  is  not  great  enough  to  make  a  material  difference 
in  what  are  at  best  merely  illustrative  computations  ;  not  sus- 
ceptible, nor  supposed  to  be  susceptible,  of  exact  application  in 
practice,  except  as  indicating  the  comparative  probable  revenue, 
all  other  things  being  equal,  of  alternate  routes  between  the  same 
termini. 

962.  In  any  actual  instance,  of  course,  all  other  things  would 
be  more  or  less  unequal,  and  hardly  any  of  them  equal,  so  that 
it  would  be  quite  impossible  to  make  any  very  precise  estimates 
by  the  formula  given.  In  the  first  place,  it  is  impossible  to  more 
than  guess  at  the  true  tributary  population.  That  which  is  ap- 
parently tributary,  from  being  on  the  line,  is  decreased  by  the 
competition  of  other  lines,  so  that  only  a  fraction  of  it  is  really 
tributary  ;  while,  on  the  other  hand,  there  may  be  an  immense 
population  beyond  the  limits  of  the  line  itself  which  is  indirectly 
tributary  to  it  through  the  medium  of  other  lines,  as  in  the  case 
of  the  trunk  lines  from  the  sea-coast  to  the  west.  In  the  second 
place,  a  mere  enumeration  of  heads  is  a  very  rude  index  of  the 
traffic  value  of  those  heads.  A  great  mining  or  manufacturing 
or  commercial  point  will  contribute  vastly  more  traffic  per  head 
than  other  more  inert  communities,  and  a  large  town,  almost  al- 
ways, more  per  head  than  a  small  town. 
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963.  Nevertheless,  when  we  connect  Snoiithville  with  our  line 
we  get  the  New  York-Smithville  as  well  as  the  Smithville- 
New  York  traffic;  and  the  traffic  of  New  York  is  made  up  only  of 
the  aggregate  of  that  to  thousands  of  Smithvilles,  of  which  we 
get  those  which  we  reach  in  one  way  or  another  by  our  line. 
Thus  the  discrepancy  on  account  of  the  difference  in  the  traffic- 
producing  capacity  of  individuals  is  less  than  might  be  supposed, 
and  Tables  14,  15,  16,  and  191,  with  various  others  in  this  volume, 
show  that  the  law  holds  tolerably  well  when  applied  on  a  large 
enough  scale  to  eliminate  sources  of  irregularity,  while  there  are 
innumerable  examples  of  single  lines  whose  prosperity  or  ad- 
versity can  be  directly  shown  to  imply  the  existence  of  some 
such  law. 

These  fundamental  truths  being  granted,  therefore,  it  leads 
very  directly  to  certain  conclusions  as  to  the  proper  manner  of 
laying  out  both  trunk  lines  and  branch  lines  ;  conclusions  which, 
while  they  may  be  difficult  to  apply  so  exactly  as  to  avoid  a  con- 
siderable percentage  of  error,  will  yet  be  so  definite  that  the  radi- 
cal error  of  mistaking  black  for  white,  so  to  speak — taking  that 
for  the  best  course  which  is  rather  the  worst  course, — is  not  likely 
to  occur. 

TRUNK   LINES. 

964.  Trunk  or  main  lines  may  be  roughly  divided  into  two 
classes:  those  which  are,  and  those  which  are  not,  liable  to  be 
subjected  to  close  competition  at  almost  every  important  point 

Almost  all  lines  in  the  United  States  belong  to  the  former 
class.  Their  only  permanent  protection  against  competition,  in 
most  cases,  is  to  throw  out  a  skirmish-line  of  branches  and  par- 
allel routes  so  as  to  cover  securely  a  considerable  territory;  and 
this  is  one  great  reason  for  the  tendency  in  that  direction  which 
is  so  notable,  and  which  has  already  gone  so  far  that  more  than 
half  the  mileage  of  the  United  States  is  controlled  by  a  dozen 
managements,  with  every  prospect  that  the  tendency  to  consoli- 
dation will  grow  still  stronger.  Table  193  shows  how  far  this 
tendency  has  already  gone.  Another  and  still  stronger  reason, 
however,  directly  results  from  what   has  preceded — that  every 
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Table  193- 

Length  of  Road  and  Gross  Earnings  of  Fourteen  Great  Systems  of 

Road  in  the  United  States,  1881. 

[Abstracted  from  a  Paper  by  Wm.  P.  Shinn  on  **  Increased  Efficiency  of  Railways  for 
the  Transportation  of  Freight,"  Trans.  Am.  Soc.  C.  E.,  November,  1882,  with  the  addi« 
tioo  of  the  Baltimore  &  Ohio,  Atchison,  Topeka  &  Santa  F6,  and  some  minor  details.] 


New  York  Central  ft  Hudson  RiTcr. 
Lake  Shore  ft  Michigan  Southern ... 

Canada  Southern 

Central 


7>/«/  New  York  Ctntrai  Sytttm . 
Ntm  Y9rk^  Lakt  Mrtt  ft*  iVttttm, 


Fnosylrania,  Eastern  System 
••  Western 


*t 


7W«/  Pennsylvania . . . 
BalttAorc  ft  Ohio,  Bastem  System. 
•♦  "      Western 


«« 


T0ial  Baltim0r§  b^  Oki0 

Total  Fouk  Tkunk  Links , 

Per  cent  of  total  United  Sutes. 


Miles. 


993 

x.«77 

403 

950 


3t593 
s,oao 


3.<H« 
a»5a9 


595 
959 


5.570 


X.554 


11,667 
la. 35  p.  c. 


Gross  Earnings. 


t«9.3««»53« 
17,880,000 


l44,taA,7i6 
31,058,790 


•59.37a»«yy 
>Of7«5»6o5 


75.««3»5o6 


x«,463.«77 


n     w..^y3.835.a«5 
Per  MUe  $14,900 
as. 97  p.  c. 


Wabash.  St.  Louis  ft  Pacific 

Chicago,  Burlington  ft  Quincy 

Chicago.  Rock  Island  ft  Paclnc. . . . 

lUioois  Central,  Northern 

New  Orleans  line. 


Chicago  ft  North- Western 

Chicago,  Milwaukee  ft  St.  Paul 

Missouri  Pacific,  Main  System 

Leased  and  controlled  lines.. 


LouisTille  ft  NashTille,  Owned 

Leased  lines.... 
Looisrille,  Cincinnati  ft  Lexington. 
NashTille.  Chattanooga  ft  St.  Louis 
Gecnrgia  Railroad  Sjrstem 


Atchison,  Topeka  ft  Sanu  Ti. . 

Union  Pacific,  Proper 

Lines  in  interest. 


Central  Pacific 

Southern  Pacific. 


Total  Tbn  Systsms  oth«k  than  N.Y.Tkunk  Linbs. 
Per  cent  of  total  United  States 


x.3«> 
57X 


3.348 
3,160 

«.335 


1,891 

3.976 
4,a6o 


I,OI8 

4.773 


«.438  I 
434  J 
STS* 

Sai 

641 


5.785 


1, 8a  I 
a.449 


3.034 
3,340 


a.874 
1,381 


4.370 


4.IS5 


36,754 
38.90  p.  c. 


$8,6*0,957 
19,087,484 


•«4.467,790 
ai,i76,45S 
21,956,907 


«o,793,io5 

«9.334.o7a 
17,035,461 


87,738,441 


$10,911,650 

1,196,11a 
3,356,186 

a,543.03» 


$34,358,8x7 
7,608,936 


$34,094,101 
3.435945 


16,906,980 
".584.509 


3«.867,753 
a7.530.046 


Per  Mile  $5,751 
39.14  p.  c. 


*  This  line  is  not  included  in  the  touls. 


720 


CHAP,  XXI,^ TRUNK  UNES. 


Table  \^Z.— Continued. 

------                                     V 

Miles. 

OnmEania^ 

Total  Fouktbbn  Gkbat  Systems 

51.13  p. c 

Per  cent  of  total  United  States. 

Total  or  Minor  Links  of  the  United  States,  under 
400  to  doo  different  manaireinents 

46.065 
48.75  p.  c 

46.89  p.  c 

Per  cent  of  total  United  States 

Total  of  the  United  Sutes  in  1881,  of  which  cam- 
inm  were  refx>rted 

p»MfeK?r 

Since  x88x  there  have  been  many  changes  in  the  details  of  the  abote  table,  bat  the 
great  systems  given  probably  cover  in  the  aggregate  a  still  laiger  pfopoitkm  of  the  teUl 
mileage  of  the  United  States.  There  were  in  z88i  a  total  of  104,813  niika  iqioilwl  bailK» 
io,j27  miles  of  which  did  not  report  earnings,  being  laigely  newly  built  Unea. 


addition  to  the  tributary  population  makes  the  revenue  per  head 
from  the  previously  tributary  population  g^reater.  This  may  not 
often,  perhaps  never,  be  more  than  dimly  felt,  but  that  it  is  the 
true  cause  and  justification  for  many  such  extensions  we  cannot 
doubt. 

Nevertheless  there  are  certain  mountainous  or  sparsely  popu- 
lated and  poor  regions,  in  this  and  all  other  countries,  where 
reasonable  freedom  from  competitive  lines  is  assured,  as  in 
Mexico,  the  lines  in  which  afforded  some  instructive  examples  of 
the  right  and  wrong  way  of  laying  out  main  lines. 

965.  Bearing  in  mind  what  we  have  already  seen  as  to  the 
small  expense  of  operating  extra  distance  (par.  197),  the  appreci- 
able additions  to  revenue  which  may  be  expected  to  arise  from 
it  (par.  230),  and  the  small  effect  of  moderate  additions  of  dis- 
tance to  discourage  traffic,  there  can  be  no  question  that  the 
fundamental  rule  for  laying  out  such  lines — deviated  from  only 
for  good  special  reasons — should  be  to  link  together  the  largest 
possible  population,  regardless  of  minor  losses  of  distance,  pcih 

vided    THE    AGGREGATE    POPULATION    PER  MIL£    OP    ROAD    IS   nOt 

diminished  (par.  237),  or  even  sometimes  if  it  is.    An  ultimate 
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limit,  beyond  which  it  would  certainly  be  unwise  to  go,  and 
hence  which  should  not  be  closely  approached,  is  that  the  in- 
crease per  cent  of  distance  should  not  exceed  the  increase  per 
cent  of  probable  revenue,  according  to  eq.  (6),  par.  961. 

966.  The  most  marked  exception  to  this  rule  is  when  the  dif- 
ference of  distance  becomes  so  great  as  to  seriously  discourage 
traffic,  or  encourage  the  construction  of  a  more  favorably  situ- 
ated competing  line. 

A  further  exception  is  when,  by  passing  midway  between  two 
traffic  centres,  neither  of  which  can  be  reached  readily  by  the 
main  line,  both  may  be  served  fairly  well  by  branches  or  other- 
wise (par.  66). 

Any  marked  difference  in  grades  or  costs  of  construction  may 
of  course  make  a  difference  either  pro  or  con  ;  but  entire  disre- 
gard of  the  rule,  by  deliberately  neglecting  intermediate  traffic 
points  for  the  sake  of  through  traffic,  usually  means  financial 
failure. 

967.  Several  instances  of  the  application  of  these  general  rules  may 
be  studied  on  any  map  of  Mexico,  showing  the  existing  railway  lines. 
The  most  pronounced  is  the  choice  between  the  route  from  the  City  of 
Mexico  to  the  United  States  (via  the  Mexican  Central  or  the  Mexican 
National  routes),  either  of  which  could  be  chosen  by  the  Central  at  the 
time  the  concessions  were  granted. 

The  longer  line,  passing  through  the  heart  of  Mexico,  and  thence  con- 
necting at  El  Paso  with  the  Atchison,  Topeka  &  Santa  Fe,  was  chosen^ 
The  grounds  for  this  choice,  beyond  question,  were  that  (i)  railways  in 
Mexico  were  to  be  profitable ;  (2)  the  more  railway  controlled  the  more 
aggregate  profit,  even  if  the  less  per  mile ;  (3)  a  long  line  through  the 
heart  of  a  country  must  in  the  long-run  be  the  best  line. 

On  the  other  hand,  the  choice  violated  two  of  the  fundamental  rules 
which  have  been  laid  down.  First,  it  seriously  discouraged  traffic  be- 
tween Mexico  and  the  United  States  by  burdening  that  which  passed 
over  it  with  nearly  500  miles  of  extra  haul :  this  practically  insuring  that 
the  National  line,  when  completed,  would  be.  or  might  easily  make 
itself,  the  leading  through  line.  Secondly,  it  very  materially  decreased 
the  average  tributary  population  per  mile  over  what  it  would  have  been 
had  the  Mexican  Central  line  been  followed  as  far  as  Celaya,  in  Central 
Mexico,  and  the  Mexican  National  from  there  north  ;  especially  had  the 
46 


722  CHAP.   XXL^TRUNK  LINES, 

towns  of  Silao,  Guanajuato,  and  Leon  been  linked  to  this  main  line  by  a 
branch,  as  they  might  have  been  later. 

Had  the  Mexican  Central  been  built  by  this  line  there  can  be  little 
doubt  that  it  would  be  to-day  (1886)  a  most  flourishing  property,  both 
because  its  investment  would  have  been  smaller  and  its  traffic  larger. 

968.  On  the  other  hand,  leaving  the  flourishing  town  of  Durango  on 
one  side,  although  it  saved  distance  in  what  was  already  a  disastrously 
long  line,  was  probably  an  error,  although  this  cannot  be  asserted  with 
much  positiveness.  The  loss  of  perhaps  50  or  60  miles  more  would  have 
taken  the  line  through  a  much  better  country,  actual  and  prospective, 
for  nearly  400  miles,  the  country  through  which  the  line  was  actually 
run  having  been  almost  the  poorest  possible;  while  saving  that  loss  of 
distance  did  not  materially  improve  its  already  bad  case  as  respects 
through  traffic. 

969.  The  National,  for  its  part,  fell  into  an  error  which  has  often 
been  committed  before,  and  never  without  loss — attempting  to  start  a 
new  terminal  port  at  Corpus  Christi,  instead  of  making  for  Galveston 
direct.  Such  projects  for  changing  the  established  course  of  trade  seem 
to  have  a  peculiar  fascination  for  sanguine  projectors,  but  it  is  always  all 
but  certain  that  they  will  end  in  failure. 

The  more  instructive  example  to  be  found  on  the  National  lines,  how- 
ever is  a  striking  instance  of  how,  when  traffic  is  at  best  thin  and  prob- 
ably non-competitive,  connecting  the  largest  possible  population  by  the 
main  line  is  almost  surely  the  wiser  course.  Fig.  239  shows  this  instance, 
the  dotted  line  being  what  had  been  projected,  and  the  full  line  the  route 
Anally  chosen  by  the  company  on  the  writer's  recommendation. 

The  full  line  seems  a  most  roundabout  course  for  a  main  line,  esp^ 
cially  as  the  total  mileage  to  be  constructed  was  not  diminished,  but 
rather  increased.     It  was  to  be  remembered,  however,  first,  that  the 
traffic  was  thin  and  non-competitive;  secondly,  that  the  number  of  trains 
could  not  be  great ;  thirdly,  that  reasonably  good  facilities  for  continu- 
ous traffic  between  every  one  of  the  many  points  connected  by  the  line 
was  desirable ;  and.  finally,  that  with  a  traffic  thin  at  best  the  mainte- 
nance and  separate  operation  of  branch  lines  is  very  burdensome.   It  was 
therefore  decided,  as  respects  the  line  from  Morelia  to  21amora  and  La 
Piedad,  that  it  would  be  better  to  make  the  branch  to  P&tzcuaro  a  part 
of  the  main  line,  thus  accomplishing  the  double  end  of  decreasing  the 
aggregate  mileage  to  be  operated  and  maintained,  and  facilitating  P^ 
<:uaro-Zaniora  traffic  and    (by   more  trains)   P&tzcuaro-Morelia  traffic 
while  gaining  more  revenue  from  through  traflu:  by  not  materially 
heavier  through  rates. 
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970.  Beyond  La  Barca.  although  the  line  had  already  been  nin  out 
of  iU  course  from  P&tzcuaro  to  the  Pacific,  it  was  decided  to  run  it  still 
farther  north  to  take  in  the  important  city  of  Guadalajara,  the  second 
city  in  Mexico  (about  80.000  inhabitants),  whence  the  line  started  almost 
due  south  for  Colima  and  the  coasts.  This  change  alone  much  more 
than  doubled  the  probable  traffic  per  mile  of  the  road,  and  it  vould  have 
been,  from  an  economic  point  of  view,  a  very  great  error  not  to  do  it. 


Fie.»3e. 


It  in  effect  cut  the  line  into  two — one  from  Guadalajara  to  the  coast,  and 
one  from  Guadalajara  to  Mexico :  but  all  the  more  it  was  desirable.  The 
sharply  accentuated  topographical  conditions,  which  it  is  impossible  to 
describe  with  more  detail,  made  this  particularly  clear. 

971.  Trunk  lines  open  to  destructive  competition,  and  able 
to  command  only  a  narrow  belt  on  each  side  of  them  as  their 
natural  tributary  territory,  nor  that,  unless  they  afford  almost  as 
good   accommodations  as  it  is  possible  to  give,  can  of  course 
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afford  no  such  sacrifice  as  this.  As  the  subject  is  a  large  and 
complex  one,  the  conditions  of  success  and  failure  may  perhaps 
be  more  usefully  indicated  in  a  small  space  by  a  few  notes  from 
the  history  of  the  actual  trunk  lines,  and  notably  of  the  four 
trunk  Wn^s par  excellence — the  New  York  Central  &  Hudson  River, 
Erie,  Pennsylvania,  and  Baltimore  &  Ohio — than  by  a  more  gen- 
eral discussiop. 

972.  The  New  York  Central  is  probably  the  most  striking  example  in 
the  whole  world  of  two  truths:  That  lines  connecting  the  largest  aggre- 
gate of  population  will  be  likely  to  lie  on  the  most  favorable  route  for  easy 
grades,  and  that  easy  grades  give  an  overwhelming  advantage  in  handling 
low-rate  traffic  especially.  As  a  through  line  the  New  York  Central  vas 
not  made, — it  grew.  Some  fifteen  different  corporations  built  its  New 
York-Chicago  line,  each  without  a  thought  of  doing  more  than  connea- 
ing  its  own  particular  termini.  Consequently  it  did  connect  them  effec- 
tually, and  the  magnificent  string  of  towns  from  which  the  New  York 
Central  has  drawn  its  chief  prosperity  was  the  result. 

Its  intended  rival,  the  West  Shore,  was  built  in  a  very  different  way* 
It  was — unfortunately — planned.  From  attaching  exaggerated  impor- 
tance to  through  traffic  and  to  the  effect  thereon  of  accommodating  way 
traffic,  or  from  other  cause,  several  of  the  most  important  local  points, 
as  notably  Albany  and  Rochester,  were  left  at  one  side,  and  others 
ill  served,  there  being  hardly  a  competitive  point  on  the  line,  not  even 
its  two  termini,  as  well  served  by  it  as  by  the  Central.  This  may  have 
been  unavoidable.  The  expense  alone  of  doing  otherwise  would  have 
been  enormous,  and  had  the  expense  been  incurred  it  might  not  have 
insured  the  success  of  the  line ;  but  the  fact  that  it  was  not,  foredoomed 
failure — for  the  two  reasons,  that  the  line  which  is  only  half  as  convenient 
as  another  does  not,  therefore,  get  half  as  much  business,  but  none  at  all 
(par.  51  et  al.)\  and  for  the  further  reason  (par.  959),  that  the  value  of  a 
line  is  as  the  square  of  the  population  best  served  by  it. 

973.  From  the  through  business  proper  the  New  York  Central  has 
derived  comparatively  little  benefit.  Its  greater  length  reduces  its  aver- 
age receipts  per  mile  on  competitive  traffic  materially  below  those  of  the 
Pennsylvania,  and  the  magnificent  water-way  which  is  immediately  adja- 
cent to  it  for  the  entire  distance  from  New  York  to  Chicago  has  tended 
powerfully  to  still  further  curtail  its  rates.  But  its  unequalled  grades  (by 
much  the  most  favorable  in  the  world  for  a  line  of  such  length),  and  the 
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indirect  benefit  of  its  immense  local  traffic,  which  alone  required  and 
supported  all  the  staff  and  plant  of  a  great  railway,  enabled  its  through 
Irasiness,  vast  as  it  was,  to  be  handled  as  so  much  extra  business,  the  only 
expense  for  which  was  the  direct  outlay  for  wages  and  fuel  and  a  small 
amount  for  wear  and  tear  of  track. 

Of  no  other  trunk  line  was  this  so  nearly  true,  but  the  lower  rate  per 
mile,  and  high  cost  for  fuel  and  (comparatively)  raw  material  on  the  New 
York  Central,  has  united  to  produce  one  result  which  is  not  always  under- 
stood: The  per  cent  of  operating  expenses  to  receipts  is  and  has  always 
been  high  on  it,  as  shown  more  clearly  in  Table  37,  page  no,  viz.: 

4  AVKEAGB  » 

1876-80.  1881-85. 

New  York  Central, 61.3  67.9 

Erie, 70.0  69.7 

Pennsylvania, 55.7  58.3 

Baltimore  &  Ohio, 53.9  56.0 

This  contrast  is  immutably  fixed  by  the  nature  of  the  traffic  and  the 
operating  conditions,  and  gives  no  indication  of  relative  efficiency  of 
operation,  as  has  often  been  carelessly  assumed. 

974.  The  increase  in  the  percentage  of  operating  expenses  which  is  visible 
above  in  the  figures  for  every  one  of  the  three  lines  but  the  Erie,  is  due  simply 
to  the  enormous  reduction  in  rates  in  recent  years,  the  latter  being  at  once  a 
cause  and  effect  of  the  still  more  enormous  increase  in  volume  of  traflSc.  The 
astounding  and  almost  incredible  figures  for  this  change  are  shown  in  Table  194, 
and  graphically  in  Fig.  240.  The  history  of  the  world  affords  no  parallel  to  it, 
and  it  is  one  of  the  strongest  proofs  that  we  have  not  erred  far  in  our  conclu- 
sions in  the  first  part  of  this  chapter. 

975.  The  Pennsylvania  is  in  many  respects  a  contrast  to  the  New 
York  Central.  Like  the  latter,  it  grew,  rather  than  was  made,  as  a  New 
York  and  continental  trunk  line.  Projected  to  bring  traffic  from  the 
West  to  Philadelphia  only,  it  chanced  to  lie  in  the  most  favorable  posi- 
tion for  a  short  low-grade  line  between  New  York  and  the  West.  The 
irresistible  tendency  of  events,  and  of  its  situation,  linked  with  it  a  Penn- 
sylvania-New York  line  on  the  East,  and  a  branching  network  of  lines 
through  the  West.  In  comparing  it  with  the  New  York  Central  one  is 
immediately  struck  by  the  contrast  in  this  respect  which  its  policy 
affords ,  and  while  much  of  this  may  well  be  due,  and  no  doubt  is,  to  a 
difference  in  the  "  personal  equation"  of  the  managers,  an  underlying  rea- 
son for  it — of  which,  perhaps,  no  one  was  conscious — is  that  the  Pennsyl- 
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Table  194. 

If^CRSASE  OF  Traffic  and  Decreask  in  Ratbs  on  Various  Groups  or 

American  Lines,  1865-1885. 

[The  last  part  of  this  table  is  shown  graphically  in  Fig.  240.] 


Sbvbn  Trunk 

LiNBS. 

Six  Chicago 

ROADS^ 

TWBNTY-ONB  LbADING  LiKES. 

Tbas. 

Ton- 
miles. 

<•=  . 

1,000,000. ) 

Rate. 
Cents. 

Ton- 
miles. 

(1  = 
1,000,000.) 

Rate. 
Centt. 

Freight 
Earnings. 

(1  = 
$1000.)   ' 

Rate. 
Cents. 

Tons. 

Ton- 
miles. 

1865  ... 

1,654 

2,044 

2,258 

2,651 
3,159 

2.900 

2.546 
9.306 

X.951 
X-7I5 

513 

3.64a 

99 

2,370 

$69,825 

i-945 

x866.... 
X867.... 

x868.... 
X869.... 

893 
1,054 

3-459 
3.175 

3.154 
3.026 

»8 

30 

35 

39 

a.981 
3.«« 

3»743 
4,408 

77,003 
75.381 

80,141 
87.426 

3.58] 
a -333 

3.140 

1.983 

1870  ... 

3,744 

1-585 
1.478 
1.475 
1.470 
'.342 
X.161 

»,234 

a. 423 

39 

5,111 

88.488 

1.731 

1871 

x87a.... 

1873.... 
1874. •• 

4,34J 
5.'8i 

5,782 
5,879 

1,233 
1.337 

1,749 
1,851 

1,904 

J.994 

9,91  Z 

9,822 
3,470 

9.509 
9.582 

9.188 
9.x6o 

50 
59 

65 

5,937 
6,97a 

0,030 
8,380 

97,186 
1x2,408 

127,045 
108,598 

1.635 

X.6l3 

i.6ti 
I  354 

1875  ... 

5,937 

1-979 

63 

107,657 

1.384 

1876 

1877. ... 

1878.... 
1879.... 

6,536 
8,853 

I0,T20 

.983 
.971 

.807 
.725 

1.877 
Z.664 

X.476 
X.980 

69 
73 

9,072 
9.131 

10.433 
13.033 

X02,009 

xoo,8o4 

105,973 
114,255 

1.124 
X.103 

1. 015 

0.S76 

x88o  ... 

«o,544 

.840 

4,544 

X.966 

xa6 

14.085 

139.331 

0.988 

x88i.... 
X882.... 

1883 .... 
X884     •. 

11,659 
11,189 

11,141 
10.719 

.665 

.842 
.740 

4,435 
5,041 

5.768 
5.940 

6,287 

X.364 

1.308 
X.95X 

196 

134 
14a 
144 

16,074 
16^5 

17.307 
17,501 

146.699 
147.719 

167,564 
15.^.735 

0.913 
0.918 

0.068 
0.878 

X885  ... 

",331 

.636 

X.9CO 

151 

18,837 

144,56a 

0.767 

This  table  is  from  data  compiled  by  Mr.  Henry  V.  Poor,  The  seven  trunk  lines  are 
the  Pennsylvania ;  Pittsburg,  Fort  Wayne  &  Chicago ;  New  York  Central ;  Lake  Shore; 
Michigan  Central ;  Boston  &  Albany ;  and  New  York,  Lake  Erie  &  Western.  The  six 
Chicago  lines  are  the  Illinois  Central;  Chicago  &  Alton;  Chicago  &  Rock  Island; 
Chicago,  Burlington  &  Quincy ;  Chicago  &  Northwestern ;  Chicago,  Milwaukee  &  St 
Paul. 

These  thirteen  roads,  A\nth  eight  others  of  most  prominence,  are  included  in  the  last 
part  of  the  table,  from  which  Fig.  240  was  constructed. 

vania  had  more  to  gain  by  extending  itself  in  all  directions,  and  more  to 
lose  by  not  doing  so.  Additional  traffic  we  have  seen  (par.  41)  to  be 
that  on  which  railways  grow  rich.  With  the  greatest  city  of  the  country 
only  ninety  miles  off,  it  was  indispensable,  to  secure  the  utmost  traffic 
from  it,  to  reach  it  by  its  own  lines,  even  with  a  friendly  independent 
connection  as  an  alternative.     The  futility  of  terminating  a  line  at  any 
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than  the  largest  available  city  was  never  better  illustrated,  unless 
:  experience  of  the  Erie  at  Dunkirk  on  a  smaller  scale.     Perhaps 
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241  is  as  good  an  object-lesson  as  could  be  found  as  to  the  folly  of 
attempts,  even  when  circumstances  seem  to  especially  favor  what 
jine  projectors  look  on  as  a  "  fair  divide"  of  an  enormous  traffic. 
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976.  A  larger  reason,  which  includes  the  first,  was  that  the  Pennsyl- 
vania was  so  situated 
as  to  form  a  very  sbon 
line  between  almost  all 
points  on  the  West  and 
the  sea-coast.  This  in- 
sured good  average  rates 
per  mile,  while  the  abun- 
dance of  coal  and  iroa 
on  the  line,  and  ihe 
lat^  amount  of  favor- 
able grades  insured  lo* 
Operating  expenses.  The 
Pennsylvania  had  much 
to  gain,  therefore,  from 
handling  additional 
through  traffic  over  its 
OWN  LINES,  according 
to  the  law  laid  down  ia 
par.  211 — that  the  onlf 
conditions  under  which 
a  line  could  reap  the 
fall  benefit  of  being  a 
short  line  was  that  it 
should  reach  all  its  im- 
portant traific  points  'Of 
itsownlines.  ThePenn* 
sjrlvania  was  such  a  short 
line;  it  proceeded  to 
satisfy  the  other  half  of 
"    the  true,  and  too  little 

"'*^  considered,  conditiois 
which  of  prosperity,  as  it  va) 

"oSSSt  i*^  natural  policy  to  do. 

Until  it  did  so  it  ro, 

;  and  facilities,  making  the  fortunes  of  other  lines  in- 
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i!  through  traffic,  which  it  could  secure  b; 
,  was  a  great  object  to  it,  for  it  made,  and 
to  make,  a  comparatively  large  prc£t  on  it,  whit' 
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;o  the  New  York  Central  it  was  a  small  object,  because  it  made  a  small 
>rofit  out  of  it.  The  New  York  Central's  chief  reliance  has  been  on  its 
ocal  traffic ;  its  through  rates  per  mile  being  necessarily  low  at  best, 
^ven  on  that  traffic  so  situated  as  to  come  to  it  most  naturally,  while  its 
expenses  were  higher  because  of  dear  fuel.  Had  it  gone  much  out  of 
ts  way  to  seek  more  through  traffic,  its  average  rates  per  mile  would  have 
3een  lower  yet,  and  un remunerative.    Therefore  it  has  not  done  so. 

977.  In  part,  this  likewise  explains  why  the  unfortunate  Erie  has 
lever  tended  to  ramify  throughout  the  West ;  but  the  Erie  is  an  example  of 
1  line  which  has  succeeded  in  spite  of  this  disadvantage,  for  four  reasons : 

1.  By  terminating  at  the  greatest  city  of  the  East,  and  (after  correct- 
ing the  error  of  attempting  to  make  a  new  great  city  at  Dunkirk)  at  the 
:hief  traffic  point  at  the  eastern  end  of  the  great  lakes,  making  two  ad- 
mirable termini. 

2.  By  its  skilful  location,  most  of  its  line  being  on  very  low  grades 
Indeed,  although  it  has  some  high  summits  and  bad  sections. 

3.  By  its  local  coal  traffic  and  cheap  supply  of  fuel. 

4.  By  its  large  and  growing  local  traffic — less  than  the  New  York  Cen- 
tral's, but  larger  than  the  Pennsylvania's,  and  until  very  recently  little 
subject  to  competition. 

These  gave  it  great  powers  of  offence  against  the  New  York  Central, 
md  it  has  been  able  to  command  at  all  times  a  fair  proportion  of  the 
iraffic  which  lines  in  the  Central  interest  brought  to  Buffalo.  But  the 
Erie's  prosperity  has  been  injured  by  three  causes  quite  as  potent : 

I.  Of  all  the  great  Eastern  cities,  the  Erie  reached  advantageously 
Duly  ONE,  whereas  the  New  York  Central  reached  two.  New  York  and 
Boston  (in  fact,  all  New  England  and  a  large  part  of  the  Canada  trade 
tias  been  almost  monopolized  by  the  Central),  and  the  Pennsylvania 
reached  four  ;  the  two  greatest  directly.  New  York  and  Philadelphia, 
eind  Boston,  Baltimore,  and  Washington  fairly  well.  This  has  been  the 
primary  difficulty  with  the  Erie.  "  To  him  that  hath  shall  be  given."  It 
might  pay  the  Pennsylvania  well  to  control  a  line  to  Smithville  in  order 
to  secure  thereby  its  traffic  with  the  whole  Atlantic  coast,  when  it  would 
not  pay  the  Erie  at  all  to  own  a  line  to  it  which  would  secure  only  its  New 
Vork  business.  "  Whosoever  hath  not,  from  him  shall  be  taken  away 
even  that  he  hath." 

The  Smithville- Pittsburg  traffic,  the  Smithville- Boston  traffic,  and  the 
Smithville-Jonesburg  traffic  naturally  gravitated  to  the  line  which  com- 
manded its  other  traffic  East ;  and  so  the  owners  of  lines  in  the  West 
rere  naturally  drawn  most  to  that  line  which  offered  the  most  widely 
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ramifying  connections,  and  could  both  give  and  ask  better  terms.  Hence 
it  has  happened — 

2.  The  Erie  has  never  been  able  to  secure  good  Western  connec- 
tions. The  only  serious  attempt  in  that  line,  until  1881,  was  the  old  At- 
lantic &  Great  Western,  one  of  the  most  ill-judged  enterprises  which  has 
ever  been  constructed  in  this  country,  whose  failure  was  foredoomed  from 
the  beginning,  as  pointed  out  in  par.  215  et  seq.  We  may  be  tolerably  as- 
sured that  the  Erie  never  will  have  a  great  system  of  connecting  lines, 
for  it  is  not  planned  to  secure  them.  In  this  respect  the  history  of  the 
road  is  full  of  instruction. 

3.  The  Erie  has  been  peculiarly  unfortunate  in  its  past  management— 
in  part  from  lack  of  comprehension  by  its  foreign  owners  of  its  necessi- 
ties and  conditions. 

978.  The  Baltimore  &  Ohio  is  somewhat  of  a  contrary  example— 
of  a  line  whose  judicious  and  consistent  management  has  given  great 
financial  strength  to  a  property  under  many  disadvantages.  It  has 
obeyed  the  irresistible  tendency  of  the  times  by  extending  its  lines  to 
Chicago  in  the  West  (as  well  as  to  the  Ohio  River  tier  of  cities)  and  to 
Philadelphia  and  New  York  on  the  East.  The  effect  of  the  latter  it  is 
as  yet  (1886)  impossible  to  foresee;  but  unless  the  laws  of  railway  pros- 
perity which  prevail  elsewhere  are  to  fail  in  its  case,  it  will  result  in  a 
very  great  addition  to  its  traffic,  giving  it  what  it  has  never  had  before- 
what  may  be  called  a  continental  traffic 

For  the  Baltimore  &  Ohio,  as  it  stood  up  to  about  1880,  was  merely 
an  example  of  the  financial  strength  which  may  be  secured  by  locating 
between  considerable  local  sources  of  natural  traffic,  and  holding  strictly 
to  them.  Between  Baltimore  and  Washington  on  the  East  and  Pitts- 
burg, Cincinnati,  Louisville,  and  St.  Louis  on  the  West,  the  Baltimore  & 
Ohio  was  the  natural  channel  of  communication,  and  as  good  a  one  as 
could  be  secured.  A  large  coal  traffic  was  also  assured  to  it.  On  this  it 
prospered,  avoiding  dissipation  of  its  means  on  many  branches  and  con- 
nections. Nevertheless,  it  was  economically  impossible  that  it  should  fail 
for  long  to  reach  out  to  the  other  large  cities  mentioned,  and  to  transfer 
itself  from  a  local  line  to  a  national  one. 

Had  the  Pennsylvania  chosen  to  restrict  itself  to  its  main  line  between 
Pittsburg  and  Philadelphia,  with  a  few  only  of  the  most  necessary 
branches,  it  also  would  have  been,  and  might  have  indefinitely  continued 
to  be,  a  prosperous  local  line  of  the  kind  that  the  Baltimore  &  Ohio  was. 
It  might  even  have  earned  as  good  or  better  dividends  than  now,  but  its 
cost  and  value,  and  its  earning  capacity  likewise,  would  have  been  far 
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ss,  and  its  aggr^;ate  profits  vastly  less.    It  was  therefore  not  to  be  ez- 
ected,  nor  for  the  public  interest,  that  it  should  pursue  this  policy. 

979i  In  the  history  of  these  four  trunk  lines,  could  we  afford 
pace  to  consider  it  in  detail,  we  have  warning  of  almost  every 
K>ssible  danger  which  can  arise  in  the  laying  out  of  trunk  lines 
-meaning  by  the  latter  term  not  necessarily  lines  of  enormous 
raffic  (see  par.  981),  but  lines  the  main  part  of  whose  traffic  is 
omplete  in  itself,  so  that  they  are  not  mere  branches  or  feeders 
•f  other  lines.  We  may  summarize  a  few  of  the  more  important 
onditions  of  success  in  such  lines  as  follows: 

1.  They  must  reach  by  their  own  lines  the  largest  traffic 
K)int  at  each  end  which  is  at  all  within  reach  by  an  extension  of 
o  or  30  per  cent  of  their  length,  and  there  must  stand  on  equal 
erms  with  their  connections  as  respects  benefits  and  injuries  to 
>e  given  and  received.  Failing  to  do  this  is  pretty  sure  to  result 
n  great  loss,  and  generally  in  insolvency. 

2.  They  must  reach  without  fail  every  considerable  inter- 
nediate  traffic  point  along  their  line  which  can  be  reached  by 
iny  reasonable  detour  or  even  sacrifice  of  grades,  their  prosper- 
ty  being  about  as  the  square  of  the  tributary  population. 

3.  They  can  in  no  case  attempt  to  create  new  channels  of 
rade,  as  by  attempting  to  make  a  seaport  out  of  some  neglected 
oadstead,  without  the  greatest  risk  of  failure.  The  attempts  in 
his  direction  have  been  many  ;  the  successes  as  yet  none. 

4.  Nearly  or  quite  half  of  their  traffic  must  practically  begin 
ind  end  on  their  own  lines,  either  because  it  goes  no  farther,  or 
>ecause  it  is  delivered  at  some  great  competitive  distributing 
>oint. 

5.  It  is  of  little  avail  to  run  a  line  even  from  a  great  city  to 
lowhere.  The  apex  to  the  pyramid  in  Fig.  238  is  eloquent  and 
ruthful  in  this  respect.  Without  a  good  traffic-point  at  each 
:nd  of  a  line  the  conditions  for  great  prosperity  are  not  present. 

BRANCH    LINES. 

980.  That  branches  are  in  the  main  profitable  investments  is^ 
jvident  from  their  very  rapid  rate  of  increase,  which  is  largest,. 
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up  to  a  certain  point  at  least,  on  the  most  prosperous  lines.  That 
tliey  are  rarely  very  profitable  when  considered  by  themselves, 
and  apart  from  the  main  line,  and  as  a  rule  do  little  more  than 
pay  operating  expenses,  is  abundantly  shown  by  the  reports  of 
almost  every  line  which  has  branches  and  reports  their  traffic  in 
detail.  This  fact  is  so  clear  and  so  generally  admitted,  that  it 
hardly  needs  statistics  to  prove  it.  As  a  rule,  the  earnings  per 
mile  of  branches  range  only  from  a  fifth  to  a  tenth  of  the 
earnings  of  the  main  stems. 

981.  The  only  considerable  exceptions  to  this  rule  are  branches 
which  are  in  reality  main  lines,  having  a  very  considerable  traf- 
fic which  is  complete  in  itself.  A  striking  example  of  this  kind 
of  branch  is  what  is  known  as  the  Mahoning  Division  or  Cleve* 
land  Branch  of  the  New  York,  Pennsylvania  &  Ohio  Railroad, 
which  runs  diagonally  across  the  main  line  from  Cleveland  to 
Youngstown.  This  nominal  ** branch*'  was  really  a  subordinate 
main  line,  built  by  a  separate  company  and  projected  on  rational 
principles,  according  to  par.  979.  It  had  and  has  a  very  consider- 
able traffic,  both  freight  and  passenger,  which  is  complete  in 
itself.  On  the  other  hand,  the  nominal  ''main  line"  is  in  reality 
a  mere  branch,  violating  conspicuously  every  one  of  the  condi- 
tions for  the  success  of  main  lines  specified  in  par.  979.  It  is 
not  surprising,  therefore,  that  the  "  main  line"  was  a  financial 
failure  and  the  ''branch*'  a  financial  success,  which  has  largely 
helped  to  support  the  main  line  even  after  paying  a  very  heavy 
rental  (10  per  cent  dividends  per  annum)  to  the  lessor  company. 

982.  The  reason  for  the  continued  and  rapid  building  of 
branches  in  spite  of  their  apparent  unproductiveness  is  simply 
this  :  They  contribute  traffic  to  the  main  line  which,  as  it  is 
merely  an  increment,  costs  always  comparatively  little  to  move, 
and  often  nothing  at  all.  The  company,  therefore,  receives  from 
its  contributed  traffic  rates  for  a  haul  of  perhaps  500  miles  at  a 
cost  for  hauling  due  to  only  100  or  200  miles.  This  follows 
directly  from  what  we  have  seen  in  Chapter  XV.,  par.  181,  and 
elsewhere.  Rudely  speaking,  if  we  call  the  average  cost  per  to& 
or  passenger-miie  100,  we  may  say  : 
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Average  cost  per  unit  of  traffic  s= xoo 

Extra  passengers,  singly,  cost o  -{- 

*'  "  in  car-loads  cost - 51030 

'*  "  in  train-loads  cost 50 

Cztra  freight  in  small  lots  costs  often  in  both  directions  and  usually 

in  one  direction 0-4~ 

**         *'      in  car-loads 5  to  20 

**  **  in  train-loads  (and  all  car-loads  must  ordinarily  be  con- 
sidered to  be  made  up  into  extra  trains  in  the  direc- 
tion of  heaviest  traffic)  not  over 60 

Not  unfrequently  when  a  large  part  of  the  traffic  of  a  branch 
i^oes  over  the  main  line  in  the  direction  of  favoring  grades  it  is 
nandled  over  the  main  line  at  no  appreciable  extra  cost  by  simply 
tilling  up  trains,  and  the  branch  is  then  enormously  profitable. 

To  these  direct  and  evident  advantages  from  a  branch  is  to  be 
added  the  vivifying  effect  of  increasing  the  tributary  population 
from  the  causes  discussed  in  the  first  part  of  this  chapter,  the 
prosperity  of  the  line  increasing  in  something  like  the  square  of 
the  tributary  population. 

983.  It  is  not  to  be  wondered  at,  therefore,  that  branches  and 
extensions  are  much  sought  for  by  prosperous  companies,  even 
in  regions  where  there  is  not  the  likelihood  of  rapid  increase  of 
traffic  which  prevails  throughout  the  United  States.  Neither  is  it 
to  be  wondered  at  that  the  seeking  for  them  is  often  overdone, 
so  that  the  branches  become  a  burden  which  threatens  to  swamp 
the  main  line,  and  often  does  so.  For  there  is  this  to  be  said 
against  branches  :  Their  traffic  is  usually  thin,  while  they  cost  as 
much  or  more  to  build  and  not  much  less  to  keep  up  than  the 
main  line.  Therefore  it  is  easy  to  lose  all  that  is  gained  on  the 
main  line  by  the  extra  cost  of  handling  the  traffic  on  branches 
and  paying  their  rentals ;  although  it  still  remains  universally 
true,  that  branches  are  far  more  profitable  than  appears  on  the 
face  of  their  returns,  separately  considered. 

984.  These  facts  make  it  easy  to  see  what  should  be  the  gov- 
erning rule  in  laying  out  branches.  The  one  universal  rule,  to 
be  deviated  from  only  when  special  reasons  to  the  contrary  ap- 
pear, is  this :  Strike  the  main   line   as  soon  as  possible.     In 
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laying  out  a  branch  to  A  from  the  main  line  ED,  Fig.  241  (which 
represents  to  scale  an  actual  instance),  B  is  in  all  ordinary  cases 
£.^  the  point  to  strike  the  main  line,  if  possible,  even  at 

^^  I  ^  some  disadvantage  in  grades  and  construction.  It 
\J  is  not  correct  to  compare  the  entire  line  ABCD  with 
cY  the   alternate   ACD.     Were  we   building  a  line  to 

>P  handle  a  main-line  traffic  between  A  and  />,  that  would 
Fig.  241'.  be  the  proper  course  to  pursue  ;  but  with  a  branch- 
line  traffic,  when  we  have  gotten  it  to  the  main  line  we  may 
say,  for  preliminary  and  approximate  purposes,  that  we  shall 
handle  it  thereafter  for  nothing.  If  the  branch  traffic  be  nearly 
all  toward  D  and  the  grades  favor  it,  this  will  be  almost  literally 
true.  Therefore  the  true  question  is  :  How  will  this  traflfic  be 
moved  to  the  main  line  most  cheaply  and  advantageously— ritf 
AB  or  via  ACl  In  nine  cases  out  of  ten  AB  will  be  the  best, for 
these  reasons : 

985.  Branch-line  traffic  is  light  and  fragmentary.  Grades 
and  curves  then  become  minor  considerations  within  pretty  wide 
limits,  especially  when  one,  two,  or  three  engines  must  be  kept 
on  the  branch  anyway.  On  the  other  hand,  the  extra  cost  of 
keeping  up  the  track  on  AC  instead  of  AB  is  so  much  dead  loss. 

Any  traffic  AE  is  seriously  burdened  by  the  additional  dis- 
tance via  ACE  over  ABE^  while  the  gain  to  the  traffic  AD  is  but 
trifling. 

Passenger  traffic  is  almost  invariably  better  served  if  deliv- 
ered on  the  main  line  with  the  shortest  possible  haul. 

It  is  therefore  bad  practice  to  lengthen  out  branches  to  get 
cheap  construction  and  good  grades,  even  when  the  difference 
favors  most  of  the  traffic  of  the  branch,  unless  the  extension  is 
justified  by  the  cardinal  rule  laid  down :  By  which  route  is  the 
traffic  delivered  on  the  main  line  at  any  point,  most  cheaply 
and  advantageously,  regardless  of  where  ? 

986*  To  the  preceding  is  to  be  added  another  still  more  im- 
portant and  sometimes  conflicting  rule  :  Striksthe  main  line  at 
A  considerable  town,  if  possible.  If  there  be  a  town  of  some 
size  at  either  £  or  C,  Fig.  241^  that  will  be  the  point  to  termi- 


^. 
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Bite  the  branch  at,  or  to  consider  it  to  terminate  in  comparing 
le  alternate  routes,  for  the  traffic  of  the  branch  will  be  very  apt 
>  be  delivered  at  this  town  even  if  the  branch  strikes  the  main 
ne  elsewhere,  if  it  does  not  add  more  than  20  per  cent  to  the 
auL 

The  purely  local  traffic  of  two  neighboring  towns,  A  and  B 
r  A  and  C,  will  ordinarily  be  found  a  very  welcome  addition  to 
le  traffic  contributed  to  the  main  line  by  the  branch,  and  it 
spends  greatly  on  facilities.  If  a  train  has  to  be  taken  from  B 
)  C  and  then  another  from  C  to  ^  to  get  from  A  to  B^  the  A*B 
affic  will  be  practically  killed.  Only  the  necessary  travel  (par. 
))  will  remain. 

987.  The  preceding  has  been  on  the  assumption  that  the 
ranch  is  to  reach  a  point  A,    When  the  purpose  of  the  branch 


£l 


FE 


Pig.  349. 


not  to  reach  any  particular  point,  but  to  develop  a  tract  of 
irritory,  the  conditions  are  of  course  somewhat  changed,  but 
^en  then  the  same  general  principles  apply.  It  will  as  a  rule 
t  more  economical,  and  more  convenient  to  the  traffic,  to  con- 
:ntrate  it  upon  the  main  line  as  soon  as  possible.    Therefore  it 


Fig.  S43. 

not  as  a  rule  good  practice,  even  when  the  purpose  of  the 
'anch  is  to  develop  a  long  strip  of  parallel  territory  w^hich  has 
affic  relations  mostly  in  one  direction,  C,  Fig.  242,  to  construct 
ranches  along  parallel  lines.     The  method  outlined  in  Fig.  243 
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is  far  more  likely  to  accomplish  Its  purpose  advantageously,  even 
when  branches  like  DBF  become  necessary;  the  governing  rules 
being,  first,  to  link  together  neighboring  towns  having  natural 
traffic  relations  as  directly  as  possible,  and  secondly,  to  reach  the 
main  line  quickly. 

988.  This  policy  is  the  correct  one,  not  only  because  it  handles 
a  given  traffic  most  economically,  but  because  it  tends  to  unify 
the  district  served  by  the  railway  and  aggrandize  points  on  its 
main  line.  The  two  lines  AC  and  JDC^  Fig.  242,  are  practically 
two  separate  roads  having  no  interrelation  with  each  other 
whatever.  A  less  amount  of  road  in  Fig.  243  gives  equal  traffic 
facilities  from  the  district  AB  to  C  at  less  cost  to  the  railwav.and 
likewise  promotes  traffic  relations  with  other  points  on  the  maiD 
line  and  to  the  south  of  it. 

When  the  traffic  of  the  branch  is  equally  divided  between 
East  and  West,  or  nearly  so,  as  respects  destination  on  the  main 

line,  then  Fig.  244  g^ves  what 

is  abstractly  by  much  the  best 

Q   system  for  laying  out  branches, 

other  thingrs  being  equal.  Other 

things  rarely  are  exactly  equal, 

and  hence  considerable  devia- 

^'°-  *^  tions  from  this  plan  are  often 

required  in  the  laying  out  of  such  branches,  but  in  all  cases 

branch  traffic  needs  to  be  quite  differently  considered  from  what 

it  would  be  if  we  were  laying  out  a  main  line  to  the  same  point 

The  writer  is  compelled  to  omit  a  number  pf  concrete  examples  of  the  lay- 
ing out  of  branches,  especially  a  most  interesting  one  having  reference  to  the 
Pacific  branch  of  the  Mexican  Central  Railway,  ia  order  to  keep  this  Tolnme 
within  more  reasonable  sixe. 


i 


1 
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CHAPTER  XXII. 

LIGHT   RAILS  AND   LIGHT    RAILWAYS. 

989.  A  PACT  evident  enough  in  the  existing  railway  system  of 
this  country,  and  indeed  of  the  world,  is  that,  taking  it  as  a 
nrhole,  distinctively  light  railways  do  not  prosper  nor  multiply. 
The  apparent  field  for  them  is  great — many  times  greater  than  for 
railways  of  the  ordinary  type.  The  need  for  them  is  keenly  felt 
In  many  regions  where  it  would  appear  as  if  cheap  light  lines 
would  answer  every  requirement  which  the  traffic  justifies.  Such 
lines  can  admittedly  be  built,  and  in  many  cases  have  been  built, 
both  of  standard  and  narrow  gauge,  for  but  little  more  than  the 
cost  of  a  good  turnpike  ;  some  of  them  even  following  the  turn- 
pike, using  low  speed,  light  rails,  light  rolling-stock,  sharp  curves, 
and  little  or  no  grading  beyond  a  mere  smoothing  of  the  sur- 
face. 

Yet  it  is  a  significant  fact  that  out  of  the  125,000  miles  of  rail- 
way in  the  United  States  (1885)  very  little  of  it  is  of  this  charac- 
ter, or  anything  closely  resembling  it.  Absolutely  there  is  a 
large  amount,  no  doubt ;  but  comparatively  there  is  very  little, 
and  that  little  shows  a  constant  and  strong  tendency  to  approxi- 
mate to  the  general  standard.  In  spite  of  enormous  differences 
in  traffic  there  may  still  be  said  to  be  a  certain  average  standard 
to  which  the  vast  majority  of  the  roads  approximately  conform, 
or  begin  to  do  so  almost  as  soon  as  the  track  is  laid.  Between 
the  12,000  to  14,000  miles  of  trunk  lines  or  sections  thereof, 
which  make  nearly  half  the  earnings  and  carry  far  more  than 
half  the  traffic  of  the  country,  and  the  .113,000  to  115,000  miles 
which  manage  to  live  on  the  rest  of  it,  or  on  less  than  one  tenth 
as  heavy  an  average  traffic,  there  are  indeed  considerable  diflfer- 
•nces  of  condition;  yet  the  resemblances — in  rails,  in  ties,  in  bal- 
47 
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last,  in  rolling-stock,  in  alignment — are  still  more  striking,  prov- 
ing almost  to  demonstration  that  the  law  (to  which  there  are  of 
course  exceptions)  is  that  distinctively  light  railways  do  not 
prosper,  or  if  they  prosper,  do  not  stay  light.  We  need  not 
search  far  to  find  some  strong  reasons  why  this  should  be  so, 
and  it  is  well  that  every  one  should  do  so  who  is  concerned  in 
projecting  a  light  line  before  finally  deciding  on  its  details  of 
construction  ;  not  because  so  doin^  will  necessarily  induce  him 
to  abandon  his  intention, — very  light  lines  are  often  justifiably 
built,  and  are  the  only  alternative  to  none  at  all, — but  because  it 
is  always  desirable  that  the  consequences  of  an  intended  course 
of  action  should  be  fully  understood  in  advance. 

990.  The  first  and  greatest  question  in  connection  with  alight 
railway  is,  What  weight  of  rails  shall  be  chosen?  This  is  so  for 
two  reasons  :  First,  because  the  rail  is  the  largest  single  item  of 
expense  on  such  a  line,  and  secondly,  because  on  the  weight  of 
rail  hinges  the  character  of  the  rolling-stock,  the  ties,  the  ballast, 
and  so  to  a  greater  or  less  extent  almost  every  other  detail  of  the 
line.  The  rail  question  is  therefore  a  very  fundamental  one, 
which  we  may  well  consider  with  some  care. 

Cutting  down  the  rail  section  is  almost  the  first  point  of  at- 
tack for  a  certain  large  class  of  economists,  much  as  cutting  ten 
percent  off  salaries  is  liable  to  be  at  a  later  period  in  the  history 
of  a  railway.  There  is  probably  no  other  way  in  which  anything 
like  as  large  a  saving  can  be  effected  with  so  little  demand  upon 
the  time  or  thought  or  skill  of  the  manager ;  nor  does  it  admit 
of  doubt  that  either  or  both  of  these  economies  may  at  times  be 
both  expedient  and  necessary.  Nevertheless,  they  would  not, 
we  may  be  certain,  be  resorted  to  nearly  so  often  as  they  are  if 
the  full  extent  of  the  sacrifice  made  were  realized. 

991i  That  it  is  not  more  fully  realized  as  to  rails  is  probably 
due  in  the  main  to  a  not  unnatural  impression  that  in  buying  rails 
what  one  wants  is  steel  :  That  if  light  and  heavy  sections  are 
the  same  price  per  ton,  buying  a  30-lb.  section  instead  of  a  60-lb. 
is  like  a  poor  and  hungry  man  buying  a  one-pound  loaf  at  five 
cents  instead  of  a  two-pound  loaf  at  ten  cents. 
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This  is  not  at  all  the  case.  In  buying  rails  we  are  not  buying 
eel ;  at  least  we  do  not  care  to  buy  it.  We  are  buying  three  im- 
^nderable  qualities:  (i)  stiffness,  (i)  strength,  (3)  durability. 
we  gtt  our  money's  worth  of  these  qualities,  it  is  a  matter  of 
>mplete  indifference  (except  the  future  scrap  value  of  the  steel, 
htch  a  poor,  light  traffic  road  cannot  afford  to  give  much  thought 
))  whether  we  get  much  or  little  of  steel.  If  we  do  not  get  our 
loney's  worth  of  wkatwe  want^  our  bargain  is  just  as  bad,  how- 
rer  much  steel  we  get. 

992.  To  determine  whether  we  do  or  not,  one  must,  unfortu- 
ately,  use  an  intelligence  somewhat  higher  than  that  of  a  hay- 
rale.  Any  absolute  measure  of  the  qualities  mentioned  is  es- 
ecially  difficult.  Thus,  it  may  be  hardly  necessary  to  say  here 
lat  to  estimate  exactly  our  stiffness  and  strength  we  must  de- 
Tmine  the  position  in  the  rail  section,  Fig.  245,  of  two  little 
oints  which  lie  at  a  distance  called  the  radius  of  gyration 
om  the  centre  of  the  rail  (meaning  simply  the  points 
here,  if  all  the  steel  in  base  and  head  were  concen- 
ated,  it  would  have  the  same  power  to  resist  gyration, 
e.,  bending,  as  it  now  has)  and  we  must  then  qiake  a  irio.945. 
umber  of  other  assumptions  in  regard  to  the  character  of  the 
»ad  and  support  which  we  well  know  are  not  only  doubtful,  but 
ill  not  be  even  approximately  true  in  practice,  unless  by  ac- 
dent. 

But  for  comparative  purposes  all  this  is  unnecessary.  The 
ipport  given  to  the  rail  from  below  by  the  road-bed  and  ties  may 
e  assumed  the  same  for  any  section  of  rail,  whatever  it  may  be 
bsolutely.  We  may  assume  that  any  two  or  more  sections  re- 
uiring  to  be  compared  will  be  practically  "similar"  to  each 
ther,  i.e.,  with  the  same  proportion  of  base  to  height,  etc.  etc., 
:)  that  Fig.  245  may,  by  simply  varying  the  scale,  be  taken  to 
^present  a  section  of  any  weight  from  10  to  100  lbs.  per  yard, 
nd  yet  be  tolerably  well  designed  even  for  these  extremes.* 
Vom    established   mathematical    laws  we  also   know  that  the 


*  It  is  badly  designed  in  having*  a  head  flaring  outward  at  the  bottom,  but 
lat  is  a  detail  we  need  not  enter  into. 
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weight  will,  under  these  assumptions,  vary  as  breadth  X  ^Mgkt^ 
and  that  the  stiffness  will  vary  as  breadths,  cube  of  height.  Thai 
is  to  say,  if  we  multiply  eveiy  dimension  by  two,  we  increase  the 
weight  of  the  section  by  2  X2  =  4,  but  the  stiffness  by  2  X2'  or 
2x8  =  16  or  2*;  in  other  wocds,  the  stififness  in  that  case  varies 
as  the  fourth  power  of  the  increase  in  linear  dimensions,  whereas 
the  weight  varies  only  as  the  square. 

993.  An  algebraic  demonstration  of  the  simplest  character, 
which  it  is  unnecessary  to  give  here,  would  prove  this  result  10 
be  in  accordance  with  a  general  law — that  the  stiffness  in  a 

RAIL   VARIES   AS   THE   SQUARE   OF     ITS    WEIGHT    PER   YARD.      If   We 

increase  the  weight 

10  per  cent,  20  per  cent,  30  per  cent, 

we  shall  increase  the  stiffness  to 

1. 10*  =  1. 21,  1.20'  =  1.44,  i.3o'  =  i.6f», 

or  21  per  cent,  or  44  per  cent,  or  69  per  cent 

Mere  formtriae  have  a  hazy,  indefinite  sound,  which,  it  is  evi- 
dent from  what  we  see  around  us  (for  these  general  facts  are  well 
enough  known),  do  not  produce  much  impression  on  the  mind; 
but  let  us  reduce  them,  in  the  accompanying  Table  195,  to  the 
plain,  practical  basis  of  how  much  stiffness  we  get  for  a 
DOLLAR  with  light  and  heavy  rails,  and  we  shall  have  some  more 
forcible,  because  more  readily  comprehensible,  evidence  as  to 
why  light  rails  are  sooner  or  later  avoided  as  the  plague  by  all 
railways  ;  admitting  the  evident  fact,  that  for  light  lines  especi- 
ally stiffness  is  not  only  by  much  the  most  important  quality  a 
rail  can  have,  but  (as  we  shall  see  more  fully)  by  much  the  cheap- 
est stability  to  be  had  in  the  market — far  cheaper  than  tamping- 
bar  stability,  which  roads  of  heavier  traffic  can  afford  to  rely  on 
more  extensively.  In  Table  195  a  5o-lb.  rail  is  taken  as  the  unit 
of  comparison,  as  being  about  the  maximum  for  distinctively 
light  railways  and  the  minimum  for  those  of  ordinary  type,  and 
the  cost  of  rails  is  taken  at  the  even  figure  of  $30  per  ton. 
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Table  196, 

DMPARATTVB  AMOUNT  AND  COST  OF  STIFFNESS  IN  LiGHT  AND  HEAVY   RAIL& 


WeliTfat 
ofRailt. 

Tone 

Cost 
Per  Mite 

ComrauratiTe 
.    Stifinest. 

Cost 
Per  Unit 

Comparative 
^^e 

Lbs. 

Per  Mite. 

Per  Ton. 

of 

Received    • 

Per  Yard. 

• 

Stiffness. 

for$i. 

ID 

16 

♦480 

.04 

$12,000 

20  cts. : 

15 

24 

720 

.09 

8,000 

30  cts. 

20     • 

32 

960 

.16 

6,000 

40  cts. 

25 

40 

1,200 

.25 

4.800 

50  cts. 

30 

48 

1,440 

.36 

4,000 

60  cts. 

35 

56 

1.680 

.49 

3.429 

70  cts. ' 

40 

64 

1,920 

.64 

3.000 

80  cts. 

45 

72 

2,160 

.81 

2.667 

90  cts. 
$1.00 

50 

80 

2,400 

1.00 

2,400 

55 

88 

2,640 

1. 21 

2,182 

1. 10 

60 

96 

2,880 

1.44 

2,000 

1.20         ) 

65 

104 

3,120 

1.69 

1,846 

1 .  30 

70 

112  • 

3.360 

1.96 

I.714 

1.40 

75 

120 

3,600 

2.25 

1,600 

1.50 

80 

128 

3.840 

2.56 

1,500 

1.60 

Tons  of  rail  per  mile  taken  at  1.6  tons  per  lb.  per  yard,  allowing  for  a  certain  mini- 
im  of  side  track.     Main  track  only  requires  V  or  x.571  tons  per  pound  per  yard. 

Comparative  stiffness  (4th  column)  is  as  the  square  of  the  weight  per  yard,  50  Iba. 
ing  taken  as  the  limit  of  comparison.     Cost  per  unit  0/  stiffness  (5th  column)  is  given 

dividing  column  3  by  column  4.     Comparative  value  received  for  $1  (last  column)  is 
Ten  by  dividing  $3400  by  column  5. 

994.  This  table  should  be  carefully  studied.  It  will  be  seen 
om  it  that  the  lighter  the  original  section  of  a  railroad,  the 
tore  it  loses  by  using  a  light  section,  because  the  more  would 
t  its  proportionate  gain  from  a  given  increase  in  weight  of  see- 
on.  The  sacrifice  of  value  in  buying  light  sections  is  precisely 
le  same  as  if  in  buying  rails  we  were,  in  fact  as  well  as  in  form, 
uying  STEEL  instead  of  stiffness,  and  were  to  choose  light  sec- 
ons  in  spite  of  the  following  market  quotations: 

Per  ton. 

Steel  in  20-lb.  sections, $75  00 

"    30  "  "     50  00 

40  •*  **     37  50 

"    50  **  "     30  00 

•*    ^  **  " 25  00 

"    70  "  *•     21  43 

80  •*  "     18  7S 
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Oi,  again,  our  loss  is  the  same  as  if  we  were  offered  a  certain 
amount  of  steel  in  25-lb.  sections  at  $30  per  ton,  but  were  told 
that  if  we  would  take  twice  as  many  tons  in  the  form  of  50-lb. 
sections  wc  could  have  the  remainder  at  $10  per  ton.  That  is 
precisely  what  we  are  told  in  effect,  as  respects  the  quality  we 
are  really  buying — stiffness — when  we  are  offered  rails  of  such 
sections  at  a  uniform  price  per  ton. 

995.  The  ultimate  strength  of  rails  is  a  less  important 
quality  than  the  stiffness,  because  it  is  never  expected  to  be 
called  fully  into  use.  Nevertheless,  it  often  is  so  called  into  use 
and  even  exceeded,  especially  as  the  rail  wears  out^  and  it  is 
therefore  an  important  quality.  The  strength  is  less  affected  by 
the  weight  of  the  rail  than  the  stiffness;  for,  referring  to  Fig.  245 
once  n^ore,  the  strength  varies  only  as  the  square  of  the  height, 
whereas  the  stiffness  varies  as  the  cube,  both  varying  directly  as 
the  width.     Therefore,  in  a  similar  way  to  that   employed  for 


Table  196. 
Comparative  Amount  and  Cost  of  Strength  in  Light  and  Heavy  Rails. 


Weight 
of  Rails. 

Cost  Per  Mile 

at  $30 

Per  Ton. 

ComparadTe 

Cost 
PerUait 

Comparatifc 
Valae 

Lbs. 

StreDgth. 

of 

Received 

Per  Yard. 

A    %*»        A  ^*\M% 

StrengtlL 

for  |i. 

10 

$480 

.089 

♦5.365 

44-7Cts. 

15 

720 

.164 

4.380 

54.8    •* 

20 

960 

.253 

3.796 

63.2    " 

»                 25 

1,200 

.354 

3,717 

70,7    '• 

30 

1,440 

.465 

3.091 

77.6    " 

35 

1,680 

.586 

2,870 

83.6    " 

40 

1.920 

.716 

2,684 

89.4    " 

45 

2,160 

.854 

2,530 

04.8    " 
100.0  '* 

60 

2,400 

1.000 

2,400 

55 

2,640 

1. 154 

2,288 

104.9  " 

60 

2.880 

1-314 

2.191 

109.5'  " 

65 

3.120 

1.482 

2,105 

114. 0   " 

70 

3.3^>o 

1.656 

2,028 

1X8. 3   " 

75 

3.600 

1.838 

1.959 

122.5    " 

80 

3.840 

2.024 

1.897 

126.5    " 

The  different  columns  are  determined  in  substantially  the  same  manner  as  in  TaUc- 
195,  except  that  the  third  column  is  as  the  \  power  of  the  weight  per  yard,  taking;  50-Ib. 
rails  as  the  unit  of  comparison. 
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letermining  stiffness,  we  may  determine  that  the  strength  varies 

ts  the  square  root  of  the  cube  (or  —  power)  of  the  weight,  and  thus 

obtain  Table  196.     This  table  also  should  be  carefully  studied. 

The  loss  of  strength  obtained  with  light  sections  will  be  seen 
rom  Table  196  to  be  far  less  striking  than  the  loss  of  stiffness, 
^levertheless,  it  is  as  if  strength  were  a  ponderable  element,  and 
7e  bought  it  in  spite  of  the  following  prices  per  ton: 

Per  ton. 

Rails  of  2o-lb.  section, #    .  ^47  50 

30  "  "  38  60 

"      40  "  '•  32  30 

••      50  "  "  30  00 

••      60  "  "  27  40 

"      70  "  ••  25  30 

"      80  "  "  23  70 

If  steel  were  quoted  at  these  prices  per  ton,  it  is  a  tolerably 
afe  hypothesis  that  light  rail-sections  would  not  be  in  much 
avor;  yet  this  is  an  unduly  favorable  showing  even  for  the  item 
)f  strength,  for  if  we  were  to  compute  the  comparative  strength 
ifter  the  sections  have  received  a  certain  fixed  amount  of  wear, 
ve  should  find  the  apparent  disadvantage  of  light  sections  as 
^iven  above  very  much  increased. 

996.  It  is  a  little  difficult  to  determine  a  standard  by  which 
o  measure  durability,  because,  as  a  rule,  light  and  heavy  sec- 
ions  are  chosen  for  very  different  duties,  i.e.,  are  approximately 
)roportioned,  and  necessarily  must  be,  to  the  kind  of  locomo- 
ives  running  over  them,  so  that  no  rational  com{>arison  can  be 
nade  between  the  durability  in  a  10-  or  20-lb.  section  and  that 
n  a  70-  or  80-lb.  section,  as  there  can  be  in  the  items  of  stiffness 
ind  strength.  What  we  can  do,  however,  is  to  compare  each 
rection  with  one  5  or  10  lbs.  heavier,  since  there  is  a  rational 
ind  practical  choice  between  such  sections,  for  any  one  given 
rervice. 

Taking  a  rude  yet  tolerably  approximate  average  of  rails  as 
hey  are  now  designed  and  chosen,  we  may  say  (i)  that  half  the 
otal  weight  is  in  the  head,  and  (2)  that  half,  or  nearly  half,  of 
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the  metal  in  the  head  (or  i  of  the  whole  weight  of  the  rail)  is 
expected  to  be  worn  away  before  the  rail  is  finally  condemned 
as  unsafe,  although  it  may  be  earlier  removed  to  a  less  trying 
location.  That  is  to  say,  a  40-lb.  rail  has  10  lbs.  of  wear  in  it, 
and  a  50-lb.,  i2i  lbs.,  making  their  weight  when  finally  con- 
demned 30  and  37i  lbs.  respectively. 

997.  But  when  comparing  two  rails  yi^r  any  one  given  service  it  is 
obvious  that  this  is  an  unfair  basis  of  comparison,  since,  what- 
ever the  original  weight  per  yard,  a  rail  for  any  one  given 
service  may  be  so  designed  as  to  utilize  most  of  any  additional 
weight  in  wear,  leaving  %he,  weights  of  the  worn-out  rails  when 
scrapped  nearly  the  same.  This  is,  of  course,  not  fully  possible 
without  using  very  ugly  and  distorted  original  sections,  but  it  is 
at  least  a  moderate  statement  that,  even  if  any  two  rails  of  dif- 
ferent weights  are  designed  precisely  "similar"  toueach  other  (as, 
say.  Fig.  245),  so  that  they  have  the  same  proportion  of  waste 
metal  (as  respects  wear)  in  the  base,  yet  the  head  can  in  all 
cases,  in  any  one  given  service,  be  worn  down  to  an  equal  ulti- 
mate weight  before  condemnation,  so  that  a  40-lb.  and  50-lb. 
rail  would  compare  as  follows: 

r-yJnvH  New.— »  <         When  Wokn  Out. » 

Head.        Base.  Head.        Baae.  Total 

40-lb.  rail,  ...  20  lbs.     20  lbs.        10  lbs.     20  lbs.        30  lbs. 
50-lb.  rail,  ...  25  lbs.     25  lbs.        10  lbs.    25  lbs.        35  lbs. 

A  50-lb.  rail  worn  down  to  35  lbs.  may  fairly  be  said  to  be  at 
least  as  strong  and  safe  as  a  40-lb.  rail  worn  down  to  30  lbs., 
although  that  is  rather  an  extreme  illustration  as  respects  the 
absolute  amount  of  wear  for  either  of  the  rails  specified;  but  by 
proper  design  it  is  realizable  in  sections  sufficiently  strong  for 
their  duty.  • 

998.  If,  however,  we  are  practising  the  last  degree  of  economy 
in  first  qpst,  choosing  the  very  lightest  section  which  is  con- 
sistent with  the  duty  laid  upon  it,  as  we  have  already  admitted 
is  sometimes  expedient,  it  is  obvious  that  we  cannot  count  on 
any  such  rate  of  wear  as  that.  Wearirig  off  half  the  head  means 
reducing  its  ultimate  strength  by  something  like  45  percent,  and 
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its  stiffness  by  65  to  70  per  cent  (making  merely  a  rough  estimate 
of  the  new  **  moments  of  inertia"  and  "  radius  of  gyration" 
necessary  to  determine  it  exactly).  When  we  are  selecting  a 
rail  as  light  as  we  dare,  we  have  no  such  margin  as*  that;  yet  we 
must  assume  some  margin  for  wear,  for  however  light  a  sectioo 
may  be,  it  cannot  be  expected  to  become  unserviceable  as  soon 
as  the  top  is  fairly  polished.  We  may  assume,  perhaps,  that,  in 
such  cases,  a  wear  equal  to  one  fifth  of  the  metal  in  the  head 
is  more  or  less  consciously  contemplated  and  actually  realized. 
With  these  premises,  we  may  determine  in  Table  197  how  much 
durability  we  get  for  a  dollar  with  light  and  heavy  sections,  and 
it  will  be  seen  that — of  all  the  three  qualities  we  are  buying^ 
the  worst  sacrifice  by  far  is  in  buying  durability  in  light  sec- 
tions. It  is  as  if  when  buying  rails  we  were  buying  steel  In- 
stead of  durability,  and  chose  the  light  sections  in  the  face  of 
the  following  market  quotations  of  steel: 

PertoiL 

Steel  in  20-lb.  sections, $30  00 

Additional  lots  (spot  cash  for  future  delivery,  as  needed,  at  end 

of  —  years) 2  75 

Steel  in  40-lb.  sections, 30  00 

Additional  lots, 2  31 

Steel  in  6o-lb.  sections, 30  00 

Additional  lots, 17^ 

Of  course  this  enormous  difference  is  due  not  so  much  to  the 
extraordinary  cheapness  of  the  durability  in  the  heavier  sections 
as  to  the  extraordinary  dearness  of  the  durability  in  the  lighter 
sections.  Still,  if  we  assume  that  we  get  our  money's  worth  out 
of  the  light  sections,  the  comparison  is  a  fair  one.  By  varying 
the  assumed  rates  of  wear,  the  numerical  comparison  will  be 
modified  accordingly,  but  in  no  probable  case  enough  to  make 
the  moral  materially  different. 

999.  Of  course,  too,  it  is  to  be  remembered  that  durability  is 
a  quality  for  future  delivery  (for  light-traffic  roads,  perhaps,  in 
a  very  distant  future),  which  we  pay  down  for  now,  in  cash.  It 
is  therefore  only  the  present  worth  of  this  future  value  which 
we  ought  to  consider.     Still,  this  applies  only  to  the  durability. 
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The  strength  and  stiffness  we  have  use  for  from  the  v6ry  day  the 
rails  are  laid;  and  even  the  present  worth  of  the  extra  durability 
at  the  largest  probable  rate  of  interest  and  the  longest  probable 
life  of  light  rails  is  cheap  indeed  at  the  price  paid  for  it,  as  will 
appear  from  Table  18,  page  82,  or  more  directly  from  the  follow* 
ing  Table  198,  which  explains  itself,  and  will  probably  make  it 
very  clear  that  whether  a  new  project  as  a  whole  will  pay  or 
not,  it  is  almost  sure  to  return  a  heavy  profit  on  the  additional 
capital  invested,  obtained  at  any  probable  cost,  to  buy  reasonably 
heavy  rail-sections,  for  the  Sake  of  their  durability  alone» 

Table  198. 

Tears  or  Wear  which  a  Light  Rail-Section  must  Outlast  eetore  the 
Durability  obtainable  by  adding  Five  Lbs.  Per  Yard  to  rr  will 
BECOME  A  Losing  Bargain,  costing  more  than  that  op  the  Light 
Section.* 


Wbigkt  or 
Light  Sbction. 

Pkssbnt  Cost  op  Capital. 

Lbs.  Ptr  Yvd. 

SPCTceot. 

10  per  cent. 

15  percent. 

•0  per  cent. 

Yean. 

YeitfB. 

YeitfB. 

Yeuv. 

90 

45.0 

23.0 

15.7 

12,0 

30 
40 

49.1 
52.0 

25.2 
26.6 

17.3 
18. 1 

13.I 
13.0 
14.8 

15s 
16. 1 

16.7 

50 
60 

70 
80 

55.5 

S8.I 
60.3 

6a. 4 

28.4 
29.7 
30.9 

31.9 

19.4 
20.6 
21. 1 
21.8 

*  For  the  nltioute  Tahit,  C^.  of  a  certain  tarn/  invested  at  cooBpoQiid  Inteitat  for  n  ftan  tt 
r  per  cent,  wc  have 

wbcnoe  log  C^  3  log/  +  Ior  (1  +  r)  X  % 

log  f/- log/ 

■^  "-     log(«4-r)   • 

Letting  the  nmnerator  (i)  of  the  Tiilgar  fractions  in  colvmn  9  of  Tubk  197  «  /  (the  log  of 
which  is  o  and  may  be  dropped),  the  denominator  of  the  same  frKtioos  will  xs  Ut  and  we  have 

leg  «  s  log  of  log  £/  —  log  of  log  (1  -f  r). 


1000.  In  these  facts  we  have  reasons  enough,  and  to  spare,, 
why  all  roads  should  tend,  as  they  do  tend,  to  use  what  project- 
ors  of  new  roads  call  a  **  heavy  '  rail,  and  think  they  can't  afford. 
It  is  because,  for  a  poor  road  as  well  as  a  rich  one,  the  best  is 
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THE  CHEAPEST,  and  a  poor  road,  even  more  than  a  rich  one,  must 
have  the  cheapest  to  live  at  all.  It  is  because,  with  railways  as 
with  men,  "  the  destruction  of  the  poor  is  their  poverty,"  in  that 
there  are  not  as  many  cents  in  a  poor  man's  dollar  as  in  a  rich 
one's,  because  of  the  bad  bargains  which  his  poverty  drives  him 
to — or  he  thinks  it  does.  While  it  may  still  be  right  to  buy  the 
light  sections,  if  we  must  have  something  and  cannot  pay  more 
it  should  at  least  be  realized  how  great  a  sacrifice  is  made,  in 
order  to  make  sure  that  there  is  no  other  direction  in  which  a 
less  costly  economy  can  be  exercised. 

Of  course,  as  has  been  already  stated,  there  is  another  side  to 
this  question — a  certain  legitimate  and  advisable  use  of  light 
rails.  If  a  man  needs  but  three  yards  of  cloth  to  make  a  coat, 
and  only  needs  one  coat,  there  is  no  particular  economy  in 
his  buying  four  yards,  simply  because  he  can  get  it  cheap;  and 
then,  besides,  there  is  always  the  open  question  whether  his  great- 
est need  is  for  a  coat  or  a  pair  of  breeches.  That  part  of  the  ques- 
tion we  may  now  consider.  We  have  merely  found  so  far  that 
if  a  man  is  going  to  buy  a  coat,  there  is  a  fearful  loss  which  a 
poor  man  cannot  afford  in  buying  one  which  is  too  small  to  fit 
and  too  flimsy  to  wear.  Of  all  directions  for  economy,  cutting 
down  the  rail-section  is  the  most  costly  in  the  end.  • 

1001.  If  attempted  economies  in  all  other  directions  were 
equally  disastrous,  we  should  be  led  directly  to  the  conclusion 
that  it  was  not  worth  while  to  build  light  railways,  and  that  they 
could  never  reasonably  be  expected  to  prosper;  but  such  a  con- 
clusion must  be,  in  part  at  least,  fallacious;  for  there  is  evident 
need  at  many  points  for  just  such  lines,  which,  when  built,  do 
prosper,  or  at  least  answer  the  requirements.  Hence  there  must 
be  certain  directions  in  which,  within  certain  limits,  it  is  expe* 
dient  to  economize  in  their  construction,  and  there  are,  in  fact, 
many  directions  where  economy  does  little  harm.  If  we  exam- 
ine in  detail  the  cost  of  even  a  moderately  important  line,  we 
shall  find  that  an  enormous  proportion  of  it  is  for  items  which  a 
light,  cheap  railway  either  has  no  use  for  at  all,  or  can  dispense 
with  at  slight  inconvenience,  in  part  or  whole,  or  can  postpone  at 
moderate  sacrifice  to  some  indefinite  date  in  the  future. 
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1002.  Terminal  facilities,  for  instance,  are  an  immense  item 
the  investment  in  large  railways.  In  the  Buffalo  (N.  Y.)  yards 
»ne  there  are  650  miles  of  track  (Table  203),  representing  an  in- 
itment  of  millions.  Station  and  other  buildings  are  other 
ge  items,  which  may  be  made  small  on  a  light  road;  but  the 
ief  of  all  directions  in  which  a  rigid  yet  intelligent  economy 
ly  be  exercised  to  reduce  largely  the  construction  account  with- 
t  undue  effect  upon  earning  capacity  is  in  the  construction  of 
;  road  to  sub-grade. 

1003.  This  is  best  seen  by  considering  how  much  (or  rather 
w  little)  the  cost  of  5  lbs.  per  yard  extra  weight  in  the  rail, 
lich  we  may  take  at  the  even  figure  of  $30  per  ton,  or  ^240  per 
le,  will  do  to  construct  the  road  to  sub-grade.  We  have  seen 
w  very  advantageous  is  the  effect  of  this  expenditure  irpon  the 
1-section.  If  expended  on  grading  and  masonry,  the  same 
lount  will  only  do  the  following: 

Cubic  Yards, 
rthwork,  at  20  cents  per  cubic  yard 1,200 

Equal  to  a  continuous  fill  5  in.  deep,  or  a  cut  10  ft.  deep  and 

100  ft.  long, 
ck  cutting,  at  $1. 50  per  cubic  yard 160 

Equal  to  a  cut  100  ft.  long  and  2.3  ft.  deep. 

Ivert  masonry,  at  $5  per  cubic  yard 4^ 

Or  one  small  box  culvert. 

idge  masonry,  at  $10  per  cubic  yard only  24 

Far  more  than  these  quantities  can  usually  be  saved  by  aban- 
ning  the  attempt  to  fit  the  line  for  high  speed  and  long  trains, 
d  judiciously  economizing  in  these  three  ways  :  (i)  By  using 
arp  curvature;  (2)  by  using  trestling  in  place  of  masonry  and 
avy  earthwork;  (3)  by  moderate  undulations  of  grade;  to  which 
ly  be  added  (4)  sacrifice  of  distance  to  obtain  easy  work,  and 
pecially  to  reach  towns. 

1004.  Whatever  conclusion  may  be  just  as  to  the  proper  stand- 
D  OF  CURVATURE  for  lines  of  fair  traffic,  it  is  certain  that  for  a 
ad  to  which  the  last  degree  of  economy  in  first  cost  is  essen- 
1,  and  which  does  not  expect  more  than  a  very  light  traffic,  the 
lelligent  use  of  sharp  curvature  offers  one  of  the  simplest,  most 


\ 
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effective,  and  most  expedient  methods  of  economizing  in  first 
cost.  We  have  seen  that  since  the  introduction  of  steel  rails  and 
air-brakes  both  the  operating  cost  and  the  danger  of  sharp  curva- 
ture have  been  greatly  diminished.  The  New  York  elevated  rail- 
ways run  800  or  more  trains  of  four  cars  each  per  day  around  the 
63°  curves  (shown  in  Figs.  201-3)  with  perfect  ease  and  with  only 
a  moderate  slackening  of  speed.  Another  much-used  curve  of 
50  ft.  radius  is  described  on  page  326.  In  Table  116  full  details 
are  given  of  other  sharp  curves  in  use  on  standard-gauge  lines, 
ranging  from  410  to  175  ft.  radius,  over  many  of  which  a  very 
heavy  traffic  passes.  While  these  extremes  are  to  be  deprecated 
(nor  are  they  often  required),  they  do  make  it  an  absurdity  to 
say  that  a  cheap  light-traffic  railroad  may  not  use  almost  any 
curvature  which  the  nature  of  its  route  calls  for  in  order  to  re- 
duce first  cost,  whatever  its  gauge. 

In  a  country  offering  any  difficulty,  the  reduction  which  can 
be  effected  in  this  way  is  very  large  indeed,  and  it  will  in  gen- 
eral  be  found  that  no  excessive  reduction  of  radius  is  needed  to 
give  a  line  closely  approximating  to  a  surface  line,  and  fitting  so 
well  that  any  further  reduction  of  radius  will  save  but  little 
(par.  883).  This  disadvantage  is  far  less  than  that  of  light  rails 
in  almost  every  instance. 

1005.  Moreover,  if  the  profile  of  almost  any  line  be  studied,  it 
will  be  found  that  the  expenditures  are  largely  concentrated 
AT  SINGLE  POINTS.  Four  or  five  cuts  in  a  mile,  eight  or  ten  miles  in 
a  hundred,  are  what  bring  up  the  average;  so  that  in  seeking  the 
last  degree  of  economy  at  these  critical  paints  the  line  as  a  whole 
is  not,  after  all,  so  seriously  modified  as  would  be  imagined.  A 
further  advantage,  or  rather  a  bright  side  to  the  disadvantage  of 
so  economizing  by  sharp  curvature  is  that  at  many  points  the 
works  may  assume  a  mere  temporary  character  for  present  ne- 
cessities, while  being  adapted  for  ready  improvement  in  the  fu- 
ture, when  and  if  means  exist  for  doing  so.  In  this  way  the  ne- 
cessities of  both  the  present  and  future  are  better  provided  for 
than  if  a  compromise  line  were  chosen  in  the  beginning  which 
did  not  fully  insure  either  present  cheapness  or  future  excellence. 
Par.  283  gives  a  notable  instance. 
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1006.  Here  the  question  of  gauge  naturally  comes  up.  Among 
[le  many  advantages  which  have  been  so  loosely  claimed  for  the 
arrow-gauge  system,  perhaps  none  has  been  so  insisted  on,  or 
0  affected  the  popular  imagination,  as  this  one  of  being  able  to 
se  sharp  curves  readily  which  were  all  but  impracticable  with 
[le  standard  gauge. 

A  few  years  ago,  when  the  first  edition  of  this  treatise  was  is- 
ued,  no  discussion  of  the  question  of  light  railways  could  have 
een  adequate  without  entering  pretty  fully  into  the  pros  and 
7ns  of  the  gauge  question.  This  is  no  longer  necessary.  The 
'resistible  logic  of  events  has  practically  settled  the  question, 
nd  the  belief  in  the  narrow-gauge  as  an  expedient  and  defensi- 
le  system  of  construction,  which  was  from  the  beginning 
[>unded  chiefly  on  illusion  and  delusion,  is  rapidly  passing  away, 
nd  all  but  gone.  We  may  therefore  merely  summarize  briefly 
fie  leading  points  of  the  question. 

As  respects  curvature,  we  have  already  seen  (pars.  335-6)  that 
rhile  the  gain  in  curve  resistance  from  a  narrowing  of  gauge 
nly,  with  no  other  change,  is  very  slight,  yet  when  the  wheel- 
ase  is  reduced  correspondingly  the  curve  resistance  is  probably 
iminished  about  in  proportion  to  the  gauge.  As  this  is  what  is 
sually  done  in  practice,  we  may  consider  it  from  that  point  of 
iew. 

1007.  But  the  question  then  arises:  What  is  saved  thereby  ?  If 
:  be  to  increase  the  hauling  capacity  of  engines,  a  very  slight  ad- 
itional  curve  compensation  will  neutralize  the  extra  resistance 
f  the  wider  gauge,  and  we  have  already  seen  (par.  290)  that  any 
adius  which  is  likely  to  be  desired  is  readily  practicable  for 
►roperly  designed  standard-gauge  engines.  If  it  be  to  save  the 
xtra  wear  and  tear  and  loss  of  power,  a  small  reduction  in  an 
tem  the  whole  of  which  is  so  small  (Table  115,  page  322)  is  not 
iTorth  any  considerable  sacrifice,  nor  can  it  be  taken  for  granted 
nor  is  it  probable)  that  there  is  any  such  reduction. 

1008.  As  respects  rolling-stock,  there  cannot  be  a  question 
hat  there  is  absolutely  no  practical  advantage  in  the  narrower 
^auge.    Any  reputable  locomotive-builder  will  contract  to  build 
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engines  of  the  same  weight  and  power  for  either  gauge,  which 
will  traverse  the  same  curves,  for  the  same  price.  The  standard- 
gauge  engine,  in  fact,  will  or  can  have  enough  shorter  wheel- 
base,  because  of  its  greater  width,  to  make  it  take  curves  a  little 
better — a  very  important  point  which  narrow-gauge  advocates 
and  opponents  alike  have  almost  wholly  lost  sight  of. 

The  same  is  essentially  true  of  the  cars.  The  car-bodies  may 
be  exactly  the  same^  and  the  trifling  loss  from  the  extra  width  of 
trucks,  if  it  were  worth  discussing  at  all,  may  be  fully  made  up 
by  a  slight  increase  in  the  weight  and  capacity  of  the  car-body, 
while  car-bodies  of  the  ordinary  size  and  capacity  can  go  safely 
over  any  structures  or  track  which  will  carry  a  light  locomotive 
— whether  standard-gauge  or  narrow-gauge — and  carry  as  large 
a  proportion  of  paying  load  as  is  customary  in  narrow-gauge 
cars. 

1009.  The  bridges  and  trestles  are,  of  course,  not  affected  by 
the  width  of  the  gauge,  if  rolling-stock  of  the  same  weight  and 
width  pass  over  them;  besides  which,  we  shall  shortly  see  evi- 
dence (par.  1039)  that  the  cost  of  bridges  is  but  very  little  affected 
by  the  load  per  lineal  foot  they  are  built  to  carry,  so  that  there 
is  little  real  inducement  to  build  such  structures  to  carry  less  than 
the  common  loads. 

The  earthwork  and  masonry  is  affected  only  by  whatever  dif- 
ference there  may  be  in  the  width  of  the  road-bed,  which  cannot 
properly  be  more  than  the  difference  of  gauge.  The  ties,  we  shall 
soon  see  (par.  1056),  may  be  made  somewhat  shorter,  or  about 
three  quarters  of  the  usual  width,  but  only  at  the  expense  of  de- 
creasing the  stability  of  the  track  and  increasing  the  labor  re- 
quired. 

Fencing,  right  of  way,  buildings,  frogs,  switches,  side-tracks, 
shops,  etc.,  etc.,  are  not  affected  at  all,  if  the  standard  of  excel- 
lence and  weight  of  rolling-stock  be  the  same. 

1010.  There  remains,  therefore,  as  the  net  gain  from  the  nar- 
rower gauge,  only  the  slight  saving  in  grading  and  ties,  which 
may  amount  to  one  to  four  per  cent  of  the  total  cost  of  the  line. 

On  the  other  hand,  there  are  several  very  serious  losses.  The 
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me  which  is  alone  of  decisive  importance  is  the  great  loss  from 
lot  being  able  to  exchange  trafiic  in  bulk,  but  having  to  trans- 
ship all  freight  and  passengers.  The  loss  from  this  is  far  more 
ban  its  direct  cost.  The  resulting  inconvenience,  delay,  and 
lamage  to  freight  drives  away  much  trafiic. 

The  cost  of  maintaining  track  to  a  given  standard  of  excel- 
ence  is  likewise  greater,  the  cost  for  track-labor  being  in  about 
nverse  proportion  to  the  length  of  the  ties.  The  less  bearing 
irea  of  the  ties  on  the  ballast  increases  this  disadvantage  ma- 
lerially. 

The  maintenance  of  rolling-stock  is  decidedly  more  costly  in 
proportion  to  work  done,  and  the  train  resistance  higher,  because 
>f  the  smaller  wheels.  The  speed  is  necessarily  lower,  and  the 
passenger  cars  less  comfortable. 

These  facts  are  now  admitted  by  all  intelligent  managers, 
vhether  of  broad  or  narrow  gauge,  and  the  reconstruction  of 
larrow  to  standard-gauge  is  now  going  on  with  great  rapidity, 
Several  thousand  miles  of  narrow-gauge  lines  have  already  been 
rhanged,  and  it  is  plainly  only  a  matter  of  a  few  years  when  prac* 
ically  all  the  remaining  lines  will  be  changed. 

1011.  It  is  often  apologetically  admitted  by  those  otherwise 
)pposed  to  the  narrow-gauge  that  for  certain  mountainous  re- 
gions it  is  best  adapted.  This  likewise  is  an  error,  except  for 
;uch  few  lines  as  are  not  likely  to  either  have  or  desire  traffic 
elations  with  other  roads. 

An  example  is  the  great  system  of  narrow-gauge  lines  irt 
[Colorado.  The  Denver  &  Rio  Grande  was  projected  in  the 
tarly  days  of  the  narrow-gauge  movement,  and  did  much  to 
rxtend  it,  if  indeed  it  may  not  be  said  to  have  been  the  origin  of 
t,  as  it  certainly  was  the  source  of  its  temporary  strength.  It 
s  by  much  the  most  considerable  narrow-gauge  system  in  the 
vorld,  and  for  many  years  was  a  great  financial  success;  nor  are 
ts  later  troubles  to  be  ascribed  primarily  to  its  gauge,  but  to 
)ad  judgment  in  extensions  and  other  expenditures. 

Nevertheless,  the  success  of  this  line  had  little  or  nothing  to 
lo  with  its  gauge,  but  was  due  rather  to  the  fact  that  it  was 
48 
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cheaply  built,  and  was  assured  a  monopoly  of  a  remunerative 
and  growing  traffic  at  very  high  rates — rates  from  three  to 
eight  times  higher  than  were  usual  on  lines  farther  east.  The 
disadvantages  of  a  break  of  gauge  were  likewise  reduced  to  the 
minimum  by  its  location.  Its  narrow-gauge  system  was  com- 
plete in  itself,  and  connected  with  standard-gauge  tracks  at  but 
a  few  points,  where  transshipment  was  often  no  disadvantage. 

Yet  even  under  these  circumstances — the  most  favorable  under 
which  any  large  narrow-gauge  lines  have  ever  been  placed— the 
disadvantages  of  the  gauge  have  proved  so  serious  that  it  is 
now  (1887)  only  the  lack  of  means  which  prevents  the  immediate 
widening  of  the  gauge  on  all  the  more  important  lines.  To  do 
this  involves  little  expense.  The  ties  are  rather  short  for  the 
purpose;  but  the  20°  and  24°  curves  can,  in  the  first  place,  be 
passed  without  difficulty  by  the  standard -gauge  engines,  and,  in 
the  second  place,  the  cost  of  reconstructing  such  curves  as  are 
objectionable,  while  it  may  be  a  considerable  absolute  sum,  will 
be  a  very  trifling  one  in  proportion  to  the  total  investment,  and 
probably  far  less  than  the  present  yearly  loss  from  the  narrower 
gauge. 

1012.  The  use  of  a  narrower  gauge  to  cheapen  construction 
has  been  proved  by  actual  experience,  therefore,  to  be  in  all  cases 
inexpedient  for  any  road  handling  a  general  traffic,  or  having 
any  reasonable  chance  of  wishing  to  exchange  traffic  with  other 
lines. 

1013.  Returning  to  the  more  hopeful  directions  for  economy: 
the  free  use  of  wooden  trestling  and  the  practical  abandon- 
ment of  the  (immediate)  use  of  masonry  is  another  legitimate 
and  wise  device  for  reducing  first  cost. 

There  are  not  a  few  engineers  who  decry  the  use  of  wooden 
trestles,  nor  can  it  be  denied  that  they  are  often  ill  and  danger- 
ously built,  and  then  neglected  so  long  that  they  become  a  fre- 
quent source  of  accident.  But  when  properly  built  and  properly 
kept  up,  they  furnish  a  safe  and  cheap  method  of  avoiding  or 
postponing  the  more  costly  features  of  construction,  so  that, 
even  for  roads  of  considerable  traffic,  it  is  far  wiser  to  preach 
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the  gospel  of  sound  construction  than  to  decry  their  existence. 
Fortunately,  under  existing  conditions  in  America,  most  of  the 
iocalities  where  very  light  railways  only  can  be  supported  are 
near  enough  to  local  timber  supply  to  obtain  pine,  hemlock,  or 
other  suitable  trestling  timber  at  very  low  prices;  and  with 
split  stringers,  and  split  isilU  and  caps,  it  is  easily  possible  (with- 
out going  into  fuller  details,  which  would  be  inappropriate  in 
this  volume)  to  erect  substantial  structures,  without  mortises,  in 
which  each  individual  stick  is  renewable  in  detail,  and  which 
will  be  as  safe  for  the  passage  of  trains  as  any  bridge,  so  long  as 
they  are  properly  maintained.  The  great  majority  of  the  trestles 
now  erected  in  this  country,  however,  are  ill-designed,  especially 
as  respects  the  floors. 

1014.  At  somewhere  from  10  to  15  feet  of  height  of  fill  such  a 
structure  becomes  cheaper  in  first  cost  than  even  a  plain  earth  fill; 
and  when,  in  addition  to  the  fill,  there  would  have  to  be  a  ma- 
sonry structure,  or  when,  if  it  were  not  for  the  trestle,  the  grade 
would  have  to  be  dropped  or  the  line  swung  in  so  as  to  give  a 
rock  cut  (or  even  a  heavy  earth  cut)  at  each  end  of  it,  the  trestle 
becomes  very  much  cheaper,  and  its  free  use  affords  us  a  solid 
and  safe  roadway  for  immediate  use  which  can  be  continued  in 
the  same  form  indefinitely,  if  poverty  requires  it,  or  which  can 
be  advantageously  and  economically  replaced  by  more  perma- 
nent structures  at  any  time,  using  trains  to  make  the  fills  and 
supply  the  stone. 

1015.  It  is  also  allowable  to  use  wooden  box  culverts,  to  be 
replaced  in  time,  as  they  begin  to  decay,  by  iron  pipes  placed 
inside  of  them.  Many  great  roads  where  stone  is  scarce  build 
these  in  place  of  open  culverts  or  trestles  as  a  regular  practice, 
and  much  can  be  said  for  it.  No  road,  of  course,  would  use 
wood  for  box  culverts  when  stone  could  be  obtained  at  reason- 
able cost. 

1016.  The  use  of  moderate  undulations  on  gradients  affords 
another  means  by  which  the  first  cost  of  a  line  may  often  be 
largely  reduced,  and  we  have  seen  (par.  397)  that  if  the  track  be 
good  enough  to  stand  a  certain  moderate  increase  of  speed  at 
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special  points,  it  involves  no  injury  to  the  hauling  capacity  of 
engines.  The  limits  within  which  momentum  can  be  relied  on 
in  this  manner  has  been  already  considered  (par.  441)  and  may, 
when  economy  is  urgent,  be  closely  approached,  as  in  the  in- 
stance of  par.  832,  because,  should  such  undulations  prove  seri- 
ously objectionable,  they  may  be  taken  out  at  any  time.  This 
is  certainly  a  far  wiser  way  of  economizing  than  cutting  down 
the  rail  so  light  that  it  will  barely  carry  the  engine,  as  is  often 
done. 

1017.  Finally,  one  remaining  device  will  complete  all  that  is 
possible,  or  probably  necessary,  in  the  way  of  reducing  the  first 
cost  of  the  road-bed.  A  great  deal  of  money  is  spent  by  many 
roads  which  can  ill  afford  the  luxury  in  getting  a  short  line.  In 
the  light  of  the  facts  brought  out  in  Chap.  VII.  it  is  unquestion- 
able that,  however  it  may  be  with  roads  of  large  or  of  fair  traffic, 
a  cheap  light-traffic  railway  which  spends  money  to  get  a  short 
line  is  burning  its  candle  at  both  ends,  and  the  engineer  of  such 
a  line  cannot  too  carefully  remember  that,  although  on  the  one 
hand  its  length  may  be  the  ruin  of  it,  because  it  has  to  operate 
it,  yet  on  the  other  hand  it  is  its  salvation,  because  its  revenue 
depends  on  it. 

1018.  Especially  is  this  true  when,  in  choosing  the  easiest 
line  regardless  of  distance,  we  not  only  obtain  an  easier  line  to 
construct,  but  one  which  will  take  us  nearer  to  the  various 
SOURCES  OF  TRAFFIC.  Howcver  it  may  be  with  lines  of  larger 
traffic,  a  poor  railway  certainly  cannot  afford  to  pass  by  on  the 
other  side  even  quite  small  traffic  points  which,  by  going  nearer 
to  them,  will  add  a  little  more  traffic  to  the  slender  aggregate; 
not  only  because  every  little  helps,  but  because  the  revenue  per 
head  of  that  population  is  also  smaller,  as  we  have  seen  in  the 
preceding  chapter. 

1019.  The  truths  which  have  been  stated  are  not  to  be  taken 
*'  neat,"  nor  recklessly  twisted  to  mean  more  than  has  been  said; 
as,  for  instance,  that  it  is  ever  expedient  to  lengthen  a  line  mtrtly 
for  the  sake  of  lengthening  it,  or  that  it  is  not  worth  while  to  tr}' 
to  avoid  curvature,  or  that  wooden  trestles  are  as  good  as  per- 
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manent  works.  It  has  been  merely  intended  to  show  that,  for  a 
road  which  must  practise  the  last  degree  of  economy  and  which 
has  little  more  than  a  turnpike  traffic,  the  construction  of  the 
ROAD  TO  SUB-GRADE  is  the  proper  place,  and  the  most  hopeful 
place,  for  ''cutting  to  the  bone,"  because  an  amount  sufficient 
to  give  a  decently  solid  superstructure  can  usually  be  saved  out 
of  the  first  construction  with  far  less  risk  of  injury  and  loss. 
This  is  apparent  from  Table  199,  showing  the  percentages  of 


Table  199. 

Showing  thb  Percentage  of  Cost  to  Sub-Grade  on  Various  Items  of 

Construction  on  Various  Lines. 


\. 

II. 

III. 

IV. 

V. 

Length,  miles 

Total  cost  per  mile. . . 
Clearing 

60 

♦5.073 
2.1 

71.0 

. . » • 
.  •  •  • 
. .  •  • 

... 

14.3 
12.6 

.... 

100 
$7,490 

•  •  •  • 

61.9 

•  •  •  • 

6.1 

13.7 
2.0 

II. 7 

4.6 

• . . « 

^  14.5 
$18,260 
0.2 
51.0 

7.5 
II. 0 

13.5 
1.2 

9.1 
6.5 

.    .    a    • 

46 
$18,920 
2.0 

35.1 

•  •  •  • 

•  •  •  • 

5.8 
12.4 
31.8 
12.9 

.... 

^     15 

$83,854 

BridfirincT 

25.7      . 

50.3 

5.4 
9.8 

1.5 

•  •  •  • 

•  •  •  • 

7.3 

Trestling.  etc 

Fencing,  etc 

Tunnel 

100^ 

100. 0 

lOO.O 

100. 0 

lOO.O 

Character  of  Lines: 

I.  Chiefly  light,  with  sections  of  heavy  grading ;  no  stone-work. 

II.  Moderately  light  grading;,  with  sections  of  heavy;  many  structures. 

III.  Side-hill  line,  no  surface  iwork  ;  very  numerous  structures. 

IV.  Light  surface  grading,  lw9  costly  bridges  only  ;  much  high  trestling. 
V.  One  of  the  costliest  sectjons  of  mountain  line  in  the  United  States. 

The  relative  cost  of  another  Ttght  Western  road,  several  hundred  miles  long, 
divided  as  follows,  including  all  items,  and  not  those  to  sub-grade  only  : 


Enfj^tneerin^  2 

Gradinfif.  i.ncluding  tunnelling 33 

Bridge  masonry 5 

Culvert  nia«>nry 2 

Temporary  trestling  x 

Superstructure,  bridges  and  trestles  —  4 

Ballast,  and  settling  of  embankments. . .  3 

Dressincr  up  road-bed  after  winter x 

Right  of  way.  feociog,  cattle-guards  and 

road-crotsinii^s x 

Rails  and  track-laying,  complete \^ 


c. 

•3 

.6 

6 

.5 

.X 

•5 
•7 
•7 

•9 
•9 


p.  C. 

Cross-ties  (very  small) 9.5 

Eogine-houaes,    shops,  stations,  water 

supply,  pumps,  etc 6.9 

Locomotives  ana  cars  10.9 

Interest  on  bonds  to  opening 5.8 

Discount  on  bonds 7.7 

Taxes  to  opening o.  i 

Office  expenses,  salaries,  etc.,  to  open- 
ing otline 1.7 

Incidental  to  opening  of  line 0.3 

Total  to  opening  of  line 100. o 
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the  cost  to  sub-grade  of  various  items  on  different  railroads,  all 
of  them  of  comparatively  light  (although  not  the  lightest)  traffic, 
and  varying  in  character  of  work  from  moderately  light  to  the 
very  heaviest.  The  prices  on  all  of  them  were  from  25  to  40  per 
cent  higher  than  now  (1886)  obtain,  under  favorable  conditions; 
but  in  each  case  alike  it  will  be  seen  how  much  less  injury  a  sav- 
ing of  $240  per  mile  in  some  or  all  of  the  items  given  would 
probably  have  done  to  the  road  than  if  5  lbs.  per  yard  were  cut 
off  the  rail-section. 

1020.  Nothing  has  been  said  so  far  about  gradients,  because 
a  very  light  traffic  road  cannot  afford  to  spend  money  to  obtaia 
more  favorable  gradients  than  careful  study  of  the  country  will 
afford  at  the  minimum  cost,  which  (par.  894)  will  generally  be 
quite  reasonably  favorable.  At  any  rate,  while  the  temptation 
for  the  locating  engineer  to  magnify  his  office  may  be  great, 
until  provision  has  first  been  made  for  a  reasonably  substantial 
and  well-maintained  track,  it  may  be  taken  as  a  tolerably  safe 
general  rule,  that  the  same  amount  of  money  expended  on  track 
will  add  far  more  to  the  hauling  capacity  of  the  line  than  if  ex- 
pended to  reduce  gradients. 

1021.  Cutting  the  work  down  in  the  various  ways  suggested, 
with  due  care  to  do  the  minimum  of  injury  to  its  efficiency, $3000 
to  $5000  per  mile  may  be  made  to  grade  a  very  light  railway 
through  tolerably  broken  country,  and  this,  of  course,  under  fa- 
vorable circumstances,  may  be  reduced  much  lower.  For  such 
lines,  intelligently  planned,  there  is  and  will  probably  always  be 
a  very  wide  field.  The  trouble  is  that  the  economy  is  too  often 
given  a  wrong  direction,  and  the  item  which  is  ordinarily  the 
first  attacked — the  rail-section — is  one  of  the  last  of  all  to  attempt 
to  economize  in. 

1022.  This  may.  perhaps,  be  made  still  clearer  if  we  revert  to  the  rail 
question  for  a  moment  to  consider  a  little  more  exactly  the  RELATIONS 
OF  RAIL  TO  TRACK-LABOR.  Where  is  money  for  improving  track  best 
expended— in  increasing  the  rail-section  or  in  more  track-labor  ?  The 
stiflfcr  the  rail  the  less  perfect  need  be  the  supports  of  the  road-bed  for 
equal  excellence;  but  it  is  sometimes  claimed  that  this^ needed  support 
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an  be  more  cheaply  obtained  by  putting  a  little  more  work  into  the  6ur- 
acing.  especially  when  extreme  economy  in  first  cost  seems  necessary. 
[t  hardly  needs  more  than  a  few  contrasting  figures  to  see  that  this  is 
nore  an  impression  than  a  well-founded  belief. 

1023t  To  increase  the  weight  of  rail  lo  lbs.  per  yard  requires,  in  round 
lumbers,  i6  tons  per  mile,  costing,  at  the  even  figure  of  $30  per  ton,  $480 
per  mile,  the  interest  on  which  is. 

At  5  per  cent,  .    At  10  per  cent.  At  20  per  cent, 

$24.00.  $48.00.  $96.00. 

Equal  to  a  cost  in  cents  per  train-mile,  assuming  various  numbers  of 
:rains  per  day  each  way,  of 

, Cbnts  per  Traim-Milr— — — » 

At  ^  p.  c  At  xo  p.  c.  At  90  p.  c 

1  train  per  day,     ......  3.29  6.58  13.16 

2  '•         "  1.64  3  29  6.58  \ 

10    **         ••  0.33  0.66  1.32 

20    •*         *•  0.16  0.33  0.66 

1024.  The  common  expenditure  on  raising  and  surfacing,  ballast,  etc., 
is  about  10  cents  per  train-mile,  as  an  average,  and  from  that  to  15  or  18 
cents  per  train-mile  on  roads  of  very  light  traffic;  and  contrasting  tjiii 
sam  with  the  figures  above,  we  see  at  once  that  on  a  road  of  any  consid- 
erable traffic,  which  is  a  kind  of  road  we  are  not  now  considering,  thie 
stability  gained  by  adding  10  lbs.  per  yard  to  the  weight  of  a  rail  would 
^ive  far  more  for  the  money  invested,  at  any  probable  rate  of  interest; 
than  the  expenditure  of  an  equivalent  sum  annually  on  additional  tracks 
labor  for  lining  and  surfacing.  On  a  road  running  20  trains  per  day, 
even  if  it  cannot  get  money  at  less  than  10  per  cent,  the  interest  charge 
of  $48  per  year  per  mile  amounts  to  but  0.33  cents  per  train-mile.  There- 
fore the  extra  5  lbs.  per  yard  has  only  to  save  less  than  3i  per  cent  of 
track-labor  to  be  a  paying  investment.  It  is  unquestionable  that  far 
more  than  that  might  be  saved,  and  yet  maintain  equal  condition,  even 
nrhen  the  rail  was  a  tolerably  heavy  one. 

1029a  As  respects  the  extreme  of  light-traffic  roads,  especially  those 
built  at  great  cost  for  capital,  it  must  be  admitted  that  the  case  is  not  so 
clear  as  that.  In  fact,  for  the  extreme  of  thin  traffic  and  scant  capital* 
say  one  train  per  day  and  20  per  cent  cost  of  capital,  it  seems  at  first  sight 
clear  that  it  will  not  pay  to  increase  the  rail-section  beyond  what  safety 
requires,  as  the  cost  of  interest  on  even  5  lbs.  per  yard  extra  weight  of 
rail  will  in  that  case  be  6.58  cents  per  train-mile.  '• 
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1026.  But,  premising  that  this  extreme  case  can  but  rarely  be  ap- 
proached in  practice, — because  (i)  there  are  few  even  of  the  lightest-traffic 
roads  which  do  not  run  more  than  one  train  each  way  per  day;  and  (3) 
few  roads  are  so  poor  that,  if  the  case  is  properly  presented,  they  cannoi 
raise  a  moderate  additional  capital  for  betterments  which,  whatever  the 
profit  on  the  enterprise  as  a  whole,  will  return  20  per  cent  profit  on  their 
own  separate  cost, — it  may  be  reasonably  maintained  from  the  result  of 
experience  that  even  in  this  extreme  case  the  extra  weight  of  rail  is  the 
best  use  which  can  be  made  of  the  money.  The  very  least  which  can 
possibly  be  spent  on  mere  track-surfacing  and  maintenance  (par.  124)  to 
keep  it  in  fairly  safe  condition  for  the  passage  of  one  train  per  day.  is 
from  $100  to  $12$  per  mile,  with  $80  to  $100  additional  for  ties,  or,  say, 
$200  in  all,  excluding  perhaps  $100  more  for  yards  and  miscellaneous. 
The  cost  of  the  5  lbs.  per  yard  extra  weight,  even  at  20  per  cent  interest 
on  capital,  is  only  ^8  per  year,  for  which  slight  increase  of  one  fifth  or 
one  sixth  in  the  interest  charge  on  rails  we  have  just  seen  (Tables  195, 
196,  197)  that  we  obtain  an  average  increase,  in  a  very  light  rail,  of  fully 
50  per  cent  in  the  three  elements  of  strength,  stiffness,  and  durability. 
Granting  a  road  to  be  so  poor  that  no  increase  whatever  in  total  charges 
can  be  borne  for  any  betterment,  however  great,  beyond  absolute  neces- 
sities, is  it  certain  that  so  great  a  difference  in  the  stability  of  the  rail 
will  not  enable  one  fourth  of  the  otherwise  minimum  track  expenditure 
to  be  saved,  while  yet  leaving  the  track  as  safe  and  good  as  before?  It 
is  fairly  even  balance,  indeed,  under  this  extreme  sup][>osition.  Unless 
the  rails  were  very  light  indeed,  it  probably  would  not  pay  to  increase 
their  weight ;  but  it  is  difficult  to  escape  from  the  conclusion  that  under 
any  ordinary  conditions,  with  the  lightest  traffic,  it  plainly  will  pay  to 
use  a  tolerably  heavy  rail  before  relying  on  track-labor  to  make  up  by 
better  surfacing  for  its  deficiency  of  strength,  simply  to  save  a  slight  ad- 
ditional investment  of  capital. 

1027.  If  so.  then  as  the  traffic  increases  up  to  a  comfortable  average, 
as  to  six  or  eight  or  ten  trains  each  way  per  day,  there  becomes  plainly 
an  immense  economy  in  using  heavy  rails  to  save  track- labor,  so  much 
so  as  to  indicate  strongly  that  the  very  curious  similarity  in  weight  of 
rails  used  on  all  roads  in  this  country  above  the  poorest  class,  despite  the 
great  difference  in  volume  of  traffic,  is  due,  not  so  much  to  the  use  of  too 
heavy  rails  on  light-trafiic  roads,  as  the  use  of  far  too  light  rails  for  true 
economy  on  our  more  important  lines,  as,  for  instance,  60-  or  65-lb.  rails 
on  trunk  lines  which  would  be  acting  more  wisely  to  use  80-  or  90-  or 
loo-lb.  rails.     The  difference  is,  however,  that  such  lines  are  rich  enough 
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3  Stand  the  resulting  loss,  whereas  a  poor  road  which  permits  its  poverty 
a  destroy  it  by  buying  an  over-light  rail,  cannot.  Some  of  our  more 
prosperous  lines  have  recently  begun  to  break  through  this  rule  by  using 
rhat  are  now  called  very  heavy  rails,  but  the  exceptions  are  not  yet  so 
lumerous  as  to  do  more  than  prove  the  rule.  It  is  in  every  way  prob- 
ble  that  within  a  few  years  80-lb.  or  90-lb.  rails  will  be  the  rule,  and 
ighter  rails  the  exception.  The  inertia  from  past  precedents,  which 
tave  come  down  to  us  from  the  da3rs  when  rails  were  several  times  more 
ostly  than  now,  will  in  time  be  overcome. 

1028.  We  are,  therefore,  again  and  more  strongly  driven  to 
he  conclusion,  that  the  one  thing  on  which  it  is  dangerous  to 
conomize  is  the  item  which  is  often  cut  down  first  of  all — the 
ireight  of  rail.  On  the  other  hand,  we  are  led  to  these  conclu- 
ions  as  respects  the  details  of  alignment: 

1.  As  respects  the  minor  details,  distance,  curvature,  and  rise 
.nd  fall,  their  effects  to  increase  expenses  are  at  best  small,  and 
irhen  the  traffic  is  very  light  become  very  small.  They  are, 
herefore,  one  of  the  first  directions  in  which  close  economy  is 
irarran table  for  very  light  roads. 

2.  In  less  degree  the  same  is  true  of  ruling  grades.  Much 
ncrease  of  expenditure  to  obtain  lower  grades  than  a  careful 
tudy  of  the  ground  shows  to  be  possible  at  a  minimum  expense 
s  not  warrantable. 

3.  Both  the  above  conclusions  are  especially  true  when  the 
•bjectionable  details  may  be  readily  corrected  later,  when  and  if 
he  traffic  warrants  it. 

4.  Temporary  wooden  structures  to  decrease  the  immediate 
utlay  are  the  next  most  judicious  direction  for  economy. 

5.  Economies  which  decrease  the  stability  of  the  permanent 
^ay  are  the  most  objectionable  of  all. 

6.  Sources  of  local  traffic  which  can  be  reached  by  any  rea- 
onable  sacrifice  should  in  no  case  be  neglected. 
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CHAPTER  XXIII 


THE   ECONOMY   OF   CONSTRUCTION. 


1029.  We  must  necessarily  assume,*  in  considering  \)cit  pm 
and  cotis  of  many  of  the  details  of  construction  (as  in  par.  13), 
that,  the  construction  of  the  road  once  entered  on,  a  little  more 
or  less  money  will  not  be  a  serious  question,  but  that  means  will 
always  be  forthcoming,  at  some  rate  of  interest  or  other,  if  ooly 
it  can  be  shown  that  the  additional  investment  will  be  profit- 
able. 

But  while  this  is  so  far  true  in  a  small  way  that  it  is  the 
only  proper  guide  for  planning  the  details  of  a  line,  yet  it  is 
undeniable  that,  when  extended  to  larger  questions,  affecting 
considerable  sums  of  money,  it  does  not  in  all  cases,  nor  in  many 
very  prominent  cases,  correspond  with  the  facts;  which  are 
rather  that  a  certain  gross  sum  only  is  available,  and  when 
that  is  exhausted,  if  it  has  not  been  so  expended  as  to  com- 
plete all  the  more  essential  details  of  the  line,  the  company  be- 
comes bankrupt,  and  the  line  passes  into  other  hands — perhaps 
for  lack  of  only  a  small  fraction  of  the  sum  which  has  been  al- 
ready lavishly  expended. 

So  many  prominent  instances  of  this  have  happened,  that  it  is 
no  more  than  common  prudence  to  assume  that  there  is  immi- 
nent danger  of  it  in  the  case  of  every  new  line,  to  the  extent  of 
guarding  against  it  so  far  as  is  legitimately  possible. 

1030.  This  is  the  more  true  because  of  the  fact  alluded  to  on 
page  34,  that  money  for  new  lines  of  importance  or  for  extensive 
additions  to  old  lines  can,  as  a  rule,  only  be  raised  in  "good 
times."  **  Good  times"  are  times  of  high  prices,  as  Fig.  246  il- 
lustrates very  forcibly,  and  are  naturally  followed  within  two  or 
three  years  by  *'  bad  times."     By  that  time  the  new  line  is  pcr^ 


CHAP:  XXIII.— THE  ECONOMY  OF  CONSTRUCTION.  763 

nearly  built,  and  needs  its  last  instalment  of  money,  which 
r  is  often  a  sum  which  it  was  not  expected  to  need,  and 
h  was  even  refused  when  offered,  for  fear  of  letting  in  too 


•f  "on  the  ground-floor" — and  this  money  very  often  indeed' 
o  be  raised  at  great  disadvantage,  if  raised  at  all. 
'nfonunately,  the  order  of  time  in  which  the  various  expen* 
es  are  incurred  is  such  as  to  rather  increase  this  danger. 
f  of  the  most  essential  expenditures  come  last  of  all,  and 
i  of  those  which  may  be  most  harmlessly  curtailed  or  post- 
d  come  first. 

he  locating  engineer  is  in  particular  danger  of  overloading 
company  in  this  way,  because,  from  the  order  of  time  in 
h  his  work  is  done,  he  in  effect  hypothecates  a  large  part  of 
inds  to  meet  expenses  which  are  not  fully  defrayed  until, 
the  very  end  of  construction.  Prudence  indicates,  there- 
ihat  whenever  there  is  even  the  slightest  doubt  of  securing 
noney  necessary,  the  work  should,  from  the  first  (par.  7), 
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be  conducted  011  the  assumption  that  only  a  given  minimum 
sum  will  be  certainly  available,  and  that  from  it  enough  should 
be  reserved  to  cover  the  most  necessary  items  at  least.  The 
question  then  arises  :  In  what  direction  will  close  economy  do 
least  harm  ? 

So  far  as  it  goes,  the  preceding  chapter  is  an  answer  to  this 
question,  for  the  economies  least  harmful,  to  a  light  road  are 
likely  to  be  also  least  harmful  to  a  line  of  fair  to  large  prospective 
traffic.  It  is,  however,  not  a  complete  nor  entirely  pertinent  an- 
swer. 

1031.  Perhaps  the  first  of  all  directions  in  which  economy  should 
be  sought,  or  rather  the  last  one  in  which  expense  should  be  in- 
curred, is  in  the  building  or  purchasb  of  branches  during  the 
period  of  original  construction.  There  are  exceptions  to  this 
rule,  as  there  are  to  all  rules  ;  but  as  a  rule,  a  point  so  important 
that  a  branch  to  it  cannot  be  legitimately  postponed  until  the 
main  line  is  finished,  is  so  important  that  the  main  line  should 
be  carried  through  it.  Only  in  the  event  that  all  other  expenses 
are  certainly  provided  for,  should  the  construction  of  mainline 
and  branches  be  undertaken  simultaneously.  * 

To  give  only  a  single  example  of  the  impoitance  of  this  mle,  the  Canada 
Southern  Railway  Company,  while  it  was  building  its  main  line  to  Chica^ 
carried  on  simultaneously  the  construction  of  the  St  Clair  branch,  62  miles, 
and  an  extension  into  Michigan  from  St.  Clair;  the  Toledo  and  Detroit  branch, 
52  miles;  and  also  involved  itself  in  expenses  to  control  an  existing  line  to  Ni- 
agara Falls.  Had  the  money  which  went  into  these  desirable  but  suboidinate 
lines  been  concentrated  on  its  main  line,  the  latter  would  probably  have  been 
completed  to  Chicago,  and  would  then,  probably,  have  secured  enough  traiBc 
to  have  saved  its  projectors  from  the  almost  total  loss  which  the  panic  of  1873 
brought  upon  them,  in  spite  of  certain  unfavorable  circumstances. 

1032.  Allied  to  the  question  of  building  branches  is  that  of 
DOUBLE-TRACKING  during  Original  construction.  If  there  is  aoj 
reasonable  doubt  of  securing  funds  to  carry  through  the  entire 
enterprise  successfully,  opening  a  single  track  only  at  first  is  cer- 
tainly the  next  most  reasonable  method  for  a  temporary  ecoD- 
omy,  to  insure  that  the  means  on  hand  shall  not  give  out  before 
the  line  is  in  working  order,  and  on  a  business  footing.    If  it  be 
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^m  the  ihlpplng  weieM  of  iton  nduding  aa  al 
kwidsuanl-rails.  The  natrow-guip  "bridges  ai 
..ine»,  ai  shown  in  Fij;.  aiS.  The  slight  effect  ■ 
lease  weight  Is  perhaps  more  stcikinEly  shown 
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requiring  double  track,  will  ordinarily  cost  $xo,ooo  per  mile— a 
sum  which  has  repeatedly  made  all  the  difference  between  suc- 
cess and  failure. 

If  any  line  could  be  justified  by  the  nature  of  its  expected  traffic  in 
laying  a  double  track  at  once,  it  was  the  West  Shore  Railroad,  but  had 
this  policy  been  adopted  by  that  line  in  respect  to  the  double  track  aod 
some  similar  matters,  it  would  probably  have  saved  it  from  bankruptcy. 

1034.  In  Fig.  247  is  given  a  diagram  prepared  by  the  writer  from  va- 
rious data,  but  chiefly  from  formula  for  estimating  the  weight  of  bridges 
given  in  a  valuable  paper  by  Geo.  H.  Pegram,  C.E.,  a  bridge  engineerof 
large  experience  (Trans.  Am.  Soc.  C.  £.  1885),  which  shows  graphically 
several  things  of  importance  in  respect  to  bridges. 

It  shows,  first,  how  nearly  a  double-track  bridge  comes  to  being 
double  the  weight ;  secondly,  how  little  saving  is  effected  by  building 
bridges  to  carry  light  loads;  thtrdfy,  the  point  at  which  the  saving 
effected  by  using  steel  instead  of  iron  becomes  important ;  9nd,/imrtkfy, 
the  comparative  weight  of  various  spans  by  inspection. 

If  the  truths  which  the  eye  readily  grasps  from  this  diagram  were 
more  generally  understood  and  acted  on,  there  would  probably  be  les 
bad  practice  in  railway-bridge  construction. 

1035.  The  third  least  objectionable  direction  for  economy  is 
the  bold  adoption  of  temporary  lines  where  permanent  works 
of  great  cost  will  otherwise  be  required;  meaning  by  ^tempo- 
rary lines"  not  those  intended  merely  for  construction  purposes 
or  for  use  until  the  permanent  works  can  be  completed,  but  lines 
good  enough  for  several  years*  use  at  least  without  any  great 
loss,  leaving  the  better  permanent  line  to  be  constructed  only 
when  it  is  certain  that  the  traffic  justifies  and  requires  it,  and 
means  are  available.  Considerable  amounts  of  distance,  curva- 
ture, and  rise  and  fall  will  not  cause  a  dangerous  loss  in  opera- 
tion for  a  few  years,  if  used  only  on  the  rougher  sections  as  a 
substitute  for  more  costly  works  later,  and  will  enable  the  im- 
mediate outlay  on  the  usually  short  sections  (par.  1005),  where  the 
most  costly  works  are  concentrated,  to  be  very  materially  reduced 
in  many  cases,  as  well  as  enable  the  line  to  be  opened  before  an 
impending  crash  comes.  The  same  is  true  in  less  degree  of  the 
use  of  TEMPORARY  PUSHER  GRADES  of  an  objectlouable  character, 
but  not  so  bad  as  to  prevent  the  handling  o^  through-trains. 
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1036.  The  fourth  least  objectionable  economy,  but  one  which^ 
like  the  preceding,  from  its  coming  among  the  first  in  order  of 
time,  is  apt  to  be  one  of  the  last  practised,  is  the  adoption  as  a 
standard,  for  the  entire  line,  of  a  systematic  economy  (in  money, 
but  not  in  time  or  care)  in  respect  to  the  minor  details  of  align- 
ment. The  pros  and  cons  of  this  question  have  been  discussed 
so  fully  in  the  preceding  chapter  that  we  need  not  further  en- 
large upon  it. 

In  these  four  ways  (with  which  perhaps  the  use  of  timber 
STRUCTURES,  such  as  are  shown  in  Fig.  249,  might  make  a  fifth) 
a  very  large-economy  may  be  practised  which  will  almost  assure 
that  any  project  with  any  merit  whatever  will  be  so  little  bur- 
dened by  its  capital  account  that  it  will  be  able  to  live  on  what  it 
can  get  to  live  on,  even  if,  as  it  usually  is,  it  is  far  below  its  ex- 
pectations. 

1037.  Beginning  now  at  the  other  end  of  the  question,  the 
most  objectionable  of  all  ways  of  economizing  is  much  the  com- 
monest of  all,  for  reasons  already  sufficiently  discussed  in  Chap. 
III.,  omitting  to  go  into,  as  well  as  to,  the  terminal  cities,  and 
other  important  traffic  points  on  the  line.  This  error  very  largely 
arises  from  the  fact  that  it  is  an  expenditure  which  comes  late  in 
the  history  of  construction,  or  can  be  made  to  do  so. 

Probably  the  next  most  serious  injury  which  can  happen  to  a 
line  is  neglect  to  secure  best  possible  ruling  grades,  but  this 
more  often  happens  from  a  lack  of  care  and  skill  than  from  a  de- 
sire to  economize,  since  the  expenditure  is  incurred  early  in  the 
history  of  construction  and  the  importance  of  favorable  grades  is 
more  generally  understood  than  the  best  manner  of  securing  them. 

1038.  Barring  this  error,  the  next  worst  form  of  economy 
which  can  afflict  a  line  is  what  is  more  emphatically  than  ele- 
gantly called  a  **  cheap  and  nasty'*  style  of  construction:    Light 

KAILS,  POOR  ties,  THIN  BALLAST,  NARROW  ROAD-BEDS^  POOR  MA- 
SONRY, and  LIGHT  HRiDGLs.  These  defects  really  save  but  little 
money,  while  the  expense  and  the  bad  name  which  has  resulted 
from  them  have  sapped  the  life  of  many  a  line.  It  is  far  better 
tu  economize  closely  in  all  the  details  of  location  but  the  grades^ 
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and  sometimes  even  in  the  grades  themselves,  than  to  do  this. 
The  difference  between  a  thoroughly  adequate  and  solid  road- 
bed, and  as  inferior  a  one  as  it  will  seem  possible  to  tolerate,  will 


^iXX- 


rarely  be  more  than  J2000  to  $3000  per  mile;  and  on  work  at  all 
heavy  it  is  not  difficult  to  save  that  sum  by  economizing  in  loca- 
tion, using  temporary  but  solid  wooden  structures,  and  the  other 
expedients  noted  above.  These  latter  economies  will  not  add 
*  Tbii  engine  is  noi  properly  a  mogul,  bul  a  ten-nheei  engine. 
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materially  to  expenses  during  the  first  ten  or  fifteen  years  on 
operation,  whereas  a  poor  and  flimsy  superstructure  entails  a 
large  and  constant  addition  to  maintenance  expenses. 

1039.  The  loss  which  results  from  light  bridges  is  propor- 
tionately quite  as  great  as  from  light  rails,  as  is  made  evi- 
dent enough,  without  further  discussion,  from  Figs.  247-8  and 
Table  200.  The  proportionate  loss  from  poor  masonry  is  even 
greater,  it  is  far  better  to  put  up  temporary  wooden  structures 
altogether,  than  to  put  up  such  flimsy  masonry  as  is  often  built. 
That  so  very  large  a  part  of  the  masonry  put  up  on  new  Ameri- 

Table  200. 

comparatfve  weight  and  cost  of  bridges,  taking  bridges  of  **  t  ** 
(Typical  Consolidation)  Type,  Fig.  249,  as  Unit. 


Class  of  Load. 

Minor  Spans  op— 

(Fig.  249.) 

30  ft. 

soft. 

Soft. 

xo4ft. 

xsofL 

aoxHft. 

T •.... 

c 

xoo 

98.74 
97.73 

zoo 

98.05 
96.47 

xoo 

97.10 
94-56 

xoo 

96.33 

93.  x6 

xoo 
9498 
90-75 

xoo 

94.00 

88  61 

M 

N (Uniform  at  75.00). 


Largbr  Spans. 


30lH  ft. 

320  Fbbt. 

430  Fbbt. 

5x6  Fbbt. 

Iron. 

Steel. 

Iron. 

Steel. 

Iron. 

SteeU 

T 

c 

xoo 
93-34 

zoo 
9Z.X1 

TOO 
89.55 

ZOO 

88.77 

xoo 
89-55 

xoo 
88.3Z 

xoo 
89-55 

The  above  shows  at  a  glance  that  the  effect  of  rolling  load  on  weight  of  bridges  is 
small,  and  the  following  will  perhaps  more  fully  show  how  petty  is  the  economy : 


For  engines  weighing  (tons) 

Or  in  inc  proportion  of — 

And  for  a  load  behind  engine,  per  foot  of  (lbs.) 
Or  in  the  proportion  of 


"  Typical " 
Cons*n. 


86.0 
xoo. 
3.000 
100 


Consolida- 
tion. 


80.07 

93.8 

3.240 

85.4 


Mogul. 


138.0 

80. 3 

1,890 

730 
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Table  200. — Continued, 


Giving  a  loss  percent  in  rolling  load  over  the  strongest  j 
type  of  bridge  of \ 


The  saving  per  cent  in  weight  (not  cost)  of  bridge  is 
only  —  for  spans  of 


Engine, 
Cars, 

30  ft. 


•  I    104 

r     aoiHfl. 


44 


Per  Cent.  ■  Per  Cent. 


6.9 

«9 

9 

14. 6 

»7 

0 

i.a6 

a 

a? 

X.95 

3 

53 

a. 90 

1 

44 

3.67 

84 

6.00 

9 

»5 

II 

39 

Beyond  these  spans  the  comparative  difference  becomes  greater,  so  that  we  have  for 
the  difference  between  a  rolling  load  of  the  "  typical "  and  ordinary  ConsoUdatioD  type 
(neglecting  the  Mogul  type)  the  following  : 


30lH  ft. 

For  spans  of \    J'°      44 

516      ** 


Iron. 

Steel. 

6.66 

*  •  •  • 

8.89 

10. 45 

X0.33 

10.45 

XI. 79 

10.45 

Thus  even  the  largest  spans  do  not  increase  in  weight  as  fast  as  they  increase  Id 
capacity,  and  on  the  shorter  and  more  common  spans  an  increase  of  only  3  to  6  per  cent 
in  weight  gives  15  to  25  per  cent  increase  in  carrying  capacity. 


can  lines  should  give  out  within  a  few  years,  as  it  does,  either 
because  the  foundations  were  inadequate  or  were  not  properly 
protected  against  wash,  or  the  stone  poor,  or  laid  dry,  or  the 
spans  inadequate,  reflects  little  credit  on  engineers. 

1040.  A  siill  less  reasonable  and  creditable  mode  of  economy 
is  CUTTING  DOWN  THE  ROAD-BED,  especially  in  cuts.  The  saving 
is  but  trifling,  and  the  effect  on  maintenance  expenses  very  un- 
favorable, since  it  forbids  proper  ditching,  impedes  access  of  the 
sun  to  the  road-bed,  and  makes  difficult  toapply  a  proper  coat  of 
ballast  and  leave  anv  ditch  at  all.  The  narrowest  road-bed  in 
earth  should  be  20  ft.,  especially  in  light  work,  or  on  light  grades 
having  many  long  low  cuts  on  them,  which  latter  are  very  difficult 
to  drain.  In  fills,  a  15-ft.  or  16- ft.  road-bed  is  none  too  wide,  and 
will  rarely  be  found  to  be  much  wider  than  is  necessary  to  hold 
the  ballast  when  the  track  is  laid. 

1041.  Cutting  down  the  coat  of  ballast  is  likewise  one  of  the 
most  costly  economies  in  which  a  road  can  engage.  Sometimes 
it  is  necessary,  because  ballast  is  not  readily  available,  and  to 
some  extent  good  ditching  may  be  substituted  for  it,  but  econ- 
omy requires  that  both  ditching  and  ballast  should  be  good. 
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It  was  a  saying  of  the  late  Charles  Collins,  the  lamented  chief- 
Qgineer  of  the  Lake  Shore  &  Michigan  Southern  Railway,  that 
two  feet  of  ditch  is  worth  one  foot  of  ballast/*  and  this  has  a 
>undation  of  truth  at  least,  as  was  shown  by  the  results  of  free 
itching  on  the  Lake  Shore  road.  It  may  plausibly  be  claimed 
lat  when  a  road  is  neither  well  ditched  nor  well  ballasted  a  lim- 
;ed  amount  of  money  will  accomplish  more  good  if  spent  for 
itching  than  for  ballasting,  and  there  is  a  certain  absurdity  in 
utting  on  a  thick  coat  of  clean  ballast  in  a  cut  where  the  ditch- 
ig  is  so  imperfect  that  there  can  hardly  be  said  to  be  any.  Nev- 
rtheless,  more  and  better  ballast  is  a  crying  need  on  many  lines  of 
onsiderable  traffic,  if  not  on  most  lines  not  of  the  first  rank,  and 
'  it  were  more  generally  realized  how  cheaply  ballast  can  be  sup- 
lied  by  improved  modern  appliances,  and  how  greatly  it  would 
ecrease  wear  and  tear  and  maintenance  expenses,  both  of  track 
nd  of  rolling-stock,  as  well  as  sometimes  increase  by  a  car  or 
NO  the  length  of  trains,  there  would  not  be  so  many  roads  as 
lere  are  practising  an  expensive  economy  in  this  item. 

1042i  One  reason  why  ballasting  is  often  so  costly,  even  with  all  the  ad- 
jutages of  steam-shovels  and  unloading  ploughs,  is  an  abuse  (or  what  is  often 
ich)  in  THE  HANDLING  OF  BALLAST  TRAINS  which  may  well  be  noted.  Fair 
^erage  prices  for  ballasting  with  steam-excavators  and  gravel  trains  may  be 
Jcen  to  be  as  follows  : 


II  expenses  connected  with  loading 3  cts.  per  cu.  yd. 

oading  and  delivering  on  road-bed,  10  mile  haul 10   *'     "       '* 

««  <<  <<  l«  («  nf\        <<  <*  IC""  '* 

«<  <f  ««  ((  <l  MQ        t(  <<  20       "  "  " 

ot  unfrequently,  however,  the  cost  will  rise  to  two  or  three  times  these  figures, 
*cause  of  interruption  of  trains. 

This  results  because  the  ballast  train,  in  disregard  of  all  considerations  of 
ronomy,  and  without  the  excuse  of  any  real  necessity,  is  all  but  universally 
eated  as  a  kind  of  outcast  or  pariah  among  trains.  The  extent  of  its  privi- 
ges  is  embodied  in  the  stereotyped  formula  that  it  "  has  permission  to  work 
itween  A  and  B,  keeping  out  of  the  way  of  all  regular  trains."  What  that 
eans,  on  a  road  doing  any  considerable  business,  with  all  the  necessary  delays 
r  clearing  the  track  '*  ten  minutes  ahead  of  all  regular  trains'  time,"  and  for 
aiting  for  them  to  arrive  when  late,  is  an  enormous  proportion  of  lost  time  per 
ly,  doubling  and  trebling  the  necessary  cost  of  delivering  ballast  on  the  track; 
>t  only  in  many  but  in  most  cases. 
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Nevertheless,  this  limitation  of  privileges  is  natural  enough  and  well  enough 
as  a  matter  of  permanent  rule.  A  ballast  train  cannot  be  anything  else  than  an 
irregular  train,  and  cannot  safely  be  given  any  rights  whatever,  except  by  spe> 
cial  order ;  but  therein  lies  the  difficulty.  Trains  are,  as  a  matter  of  faa 
almost  all  run  by  special  order,  and  when  giving  such  order,  it  rests  entirely 
with  the  discretion  of  the  dispatcher,  within  wide  limits,  to  favor  one  train  or 
another  as  he  sees  fit.  This  discretion,  however,  is  rarely  exercised  to  prevent 
delays  of  ballast  trains,  which  cost  money,  rather  than  delays  of  regular  iraios, 
which  do  not  directly  cost  money;  but  the  ballast  train  gets  from  the  dispatcher, 
improperly  and  unwisely,  much  the  same  kind  of  treatment  that  it  necessarily 
and  properly  has  in  the  printed  rules  and  time-tables. 

Now  a  regular  freight  train  is  earning  perhaps  $1.50  per  mile  run  and  cost- 
ing $1,  but  it  will  earn  no  less  and  cost  no  more  (barring  a  slight  loss  of  fael) 
for  being  a  quarter  or  half  an  hour  more  or  less  upon  its  trips.  On  the  other 
hand,  the  total  expenses  for  running  a  steam-excavator  with  perhaps  three  or 
four  engines  at  work  to  handle  the  cars,  are  from  $100  to  $150  per  day.  A 
delay  to  any  one  of  these  trains  is  to  a  considerable  extent  a  delay  to  all  and  to 
the  excavator  as  well,  and  a  delay  of  three  hours  per  day  to  these  trains  (vhidi 
is  about  a  minimum)  means  the  loss  of  $1200  to  $1500  per  month. 

Under  these  circumstances  what  ought  to  be  done,  if  true  economy  is  to  be 
considered,  is  to  prepare  something  like  a  regular  schedule  for  the  movement 
of  these  trains,  from  day  to  day  and  from  week  to  week,  for  the  use  of  the  dis- 
patcher ;  to  provide  as  good  facilities  as  possible  for  communicating  orders  to 
them,  and  to  require  that,  whenever  and  wherever  it  is  possible  without  too 
great  delay,  the  gravel  trains  shall  be  favored  at  the  expense  of  the  ordinary 
freight  train. 

1043.  Supposing  the  delays  to  gravel  trains  to  have  been  re- 
duced to  a  minimum,  there  are  few  expenditures  so  directly 
profitable  as  to  procure  a  steam-excavator  and  ballast  plows, 
and  keep  two  or  three  trains  at  work  for  a  good  part  of  several 
seasons  increasing  the  depth  of  ballast.  Half  a  cubic  yard  per 
cross-tie  will  raise  the  track  some  8  in.,  and  where  the  road-bed 
is  wet  and  the  haul  not  too  great,  this  would  not  be  so  very  bad 
an  investment,  simply  as  a  preservative  of  cross-ties. 

An  additional  economy  for  this  kind  of  work  on  many  lines, 
and  one  deserving  of  more  frequent  use,  is  the  hauling  «  side- 
dump  cars  loaded  with  ballast  on  regular  trains,  especially  way 
freight,  whenever,  as  is  frequently  the  case,  eight  or  ten  addi- 
tional cars  can  be  hauled  over  a  portion  of  the  division  as  well 
as  not,  owing  to  more  favorable  gradients.     Many  types  of  cars 
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ble  for  this  purpose  exist  which  are  readily  dumped  by  one 


44.  One  of  the  very  worst  places  to  economize  in,  but  for- 
Lely  not  a  common  one,  is  in  the  cross-ties.  The  number 
ese  cannot  be  too  great  for  economy,  until  they  become  so 
as  to  impede  tamping,  which  is  when  about  40  per  cent  of 
ength  of  the  rail  rests  upon  ties.  Up  to  this  point  even  the 
ht  of  rail  may  be  judiciously  sacrificed,  if  necessary,  to  in- 
e  the  tie  support,  as  may  be  speedily  shown, 
rack  is  constructed  and  made  passable  by  the  use  of  three 
cies :  (i)  rails,  (2)  cross-ties,  (3)  tamping  under  the  ties. 
t  proportion  of 
of  these  must  be 
to  maintain  a  sta-  == 
rack,  but  in  pro- 
on  as  the  stabil- 
•om  one  of  them 
rreased,  that  required  from  one  or  both  of  the  others  may 
jcreased.  If  we  have  a  stififer  rail,  we  may  use  less  ties  and 
track-labor.     If  we  have  more  or  better  ties,  we  may  use  a 


^^ 


•'''>',^^>» 

^^u 


Pig.  350. 


Fig.  951. 

er  rail.  If  we  put  more  labor  into  maintenance,  we  may 
;nse  with  some  expenditure  on  either  rails  or  ties,  or  both, 
different  modes  of  yielding,  outlined  in  Figs.  250  and  251, 
h  occur  more  or  less  on  all  track,  may  be  assumed  to  arise, 
will  arise,  from  deficiencies  in  any  one  of  these  three  re- 
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quirementSy  either  the  rails  or  ties  or  tampiogy  and  may  be 
cured,  in  part  or  whole,  by  spending  more  money  on  either  one 
of  them.  Assuming  as  a  standard  of  comparison  a  6x8  in.  tie  8 
ft.  long,  spaced  2  ft.  apart,  or  2640  per  mile,  the  following  com- 
binations of  spacing  and  width  will  afford  an  equal  bearing-sur< 
face  of  ties  on  the  road-bed  and  of  rails,  but  will  be  seen  to 
afford  a  very  unequal  support  to  the  rail : 

Ties  per  mile 2,640  3,000  3,168       3,520 

Distance  apart,  centre  to  centre 24  in.  21.12  in.  20      in.  18  in. 

Average  width  of  face 8  in,  7.04  in.  6.67  in.    6  in. 

Clear  space,  tie  to  tie 16  In.  14.08  in.  13.33  in*  ^2  in. 

Comparative  stiffness  of  same  rail  for 

each  span i.oo  1.47  1.73        2.37 

Comparative  weight  of  rail  to  give  same 

stiffness i.ooo  0.825  0.761      0.650 

The  method  of  determining  the  comparative  stiffness  and 
comparative  weight  of  rail  in  the  last  two  lines  is  the  same  as 
used  in  par.  992  for  rails,  and  need  not  be  repeated.  Whether 
we  compute  the  comparative  stiffness  of  the  rails  for  spans  from 
centre  to  centre  of  ties,  or  for  one  clear  span  between  ties,  or  for 
spans  omitting  one  tie,  as  in  Fig.  250,  the  result  is  the  same,  al- 
though the  absolute  stiffness  will  of  course  vary  greatly. 

1045.  Taking  the  extremes  of  the  table  above,  we  see  that  the 
addition  of  880  ties,  or  one  third  increase,  gives  so  much  addi- 
tional support  to  the  rail  that  (assuming  the  support  to  each  tie 
to  be  the  same)  a  rail  only  two  thirds  as  heavy  will  distribute 
the  load  as  well  from  tie  to  tie.  Not  forgetting  that  stiffness  is 
only  one  of  the  three  qualities  in  a  rail  which  are  gained  by  in- 
creasing its  weight,  this  great  difference  still  indicates  that  in- 
creasing the  number  of  ties  to  the  extent  of  practical  possibility 
(their  dimensions  remaining  the  same)  adds  much  more  to  the 
aggregate  stiffness  of  the  track  than  the  same  amount  spent  on 
rails;  as  thus: 

The  cost  of  880  more  cross-ties  per  mile,  more  than  doubling 
the  stiffness  of  the  same  rail,  amounts— 

At  25  cents,  to  $220  =    7.14  tons  rails  at  $30  =  4.5  lbs.  per  yard. 

"  30  '*   ••  264=  8.80 =5.5  "   "   " 

«<  ^Q  i.   «<  352  =  11.73  '*   "   "   =7.3  "   "   " 
"  50  **   "  440  =  14.67  "   "   -   ='9. 1  "   "   * 
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Compariog  this  with  the  figures  in  Table  196,  giving  the 
:omparative  stiffness  of  light  and  heavy  rails,  we  have  the  fol- 
owing  comparison  for  various  light  rails — for  which  rails  only 
iie  comparison  is  at  all  close: 

Mginal  weight  of  rail 20  lbs.        35  lbs.        50  lbs. 

>tinness  in  do.  taken  as 1.00  1.00  1.00 

Adding  4.5  lbs.  per  yard  (=  cost  of  880  ties 
at  25  cents  each,  as  above)  makes  stiff- 
ness       1.51  1.27  1. 19 

Adding  9.1  lbs.  per  yard  (=  cost  of  880  ties 

at  50  cents  each)  makes  stiffness    ...     2.13  1.57  140 

SHiereas  the  same  sum  spent  on  ties  in- 
creases the  stiffness,  as  above,  to ....  2.37 

1046.  While  the  addition  of  so  large  a  number  of  ties,  without 
iecreasing  their  width,  can  rarely  be  practicable,  and  while  the 
romparison  is  not  strictly  exact  for  other  reasons,  this  does  indi- 
:ate  clearly  the  general  fact,  that  increasing  the  number  of  ties 
:o  the  limit  of  convenience  is  a  cheaper  way  of  increasing  sta- 
Dility  than  increasing  the  rail-section,  even  for  very  light  rails. 
On  the  other  hand,  the  total  stability  which  is  obtainable  from 
ties  is  limited  by  the  number  which  it  is  possible  to  use,  so  that 
nrhat  these  figures  in  fact  indicate  is  that,  in  endeavoring  to  get 
the  utmost  stability  at  the  least  cost,  the  first  essential  is  to  use 
ties  as  freely  as  is  possible,  and  the  next  essential  is  to  decide 
between  a  heavier  rail  and  more  tamping  to  supply  the  deficit. 

1047.  The  physical  limit  to  the  increase  in  number  of  ties,  of 
ordinary  standard  width,  is  probably  2800  per  mile;  but  if,  as  in 
the  first  table  above,  we  consider  the  width  of  the  ties  to  be  di- 
ninished  as  their  number  is  increased,  this  limit  is  considerably 
ligher.  There  are  quite  a  number  of  roads  in  the  United  States 
pehich  use  3100  to  3300  narrow  ties  per  mile  with  very  satisfac- 
tory results.  Remembering  that  the  stiffness  of  a  rail  decreases 
IS  the  cube  of  the  span,  it  is  obvious  that  by  dividing  up  the 
Dearing-surface  among  a  greater  number  of  ties,  so  that  the  ag- 
gregate area  remains  the  same,  we  measurably  obtain  two  desir- 
able ends  at  once — we  give  much  more  effectual  support  to  a 
seeak  rail,  and  we  in  general  reduce,  instead  of  increasing,  the 
total  cost  of  ties,  since  the  cost  of  ties  will  usually  increase  faster 
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than  the  required  minimum  face.  As,  therefore,  the  necessary 
space  between  ties  varies  approximately  with  the  width  of  face, 
and  is  about  twice  the  face  (so  that  full-width  ties  cannot  be 
used  with  very  narrow  spacing),  the  utmost  economy  would  seem 
to  require  that  narrow  ties  spaced  close  together  should  begivea 
a  decided  preference  at  the  same  cost  for  ties  per  mile  when  a 
light  rail  is  to  be  supported,  and  there  are  few  rails  indeed  in 
this  country  which  cannot  be  said  to  be  light  in  proportion  ta 
the  duty  imposed  on  them.  It  could  not  rationally  be  expected^ 
indeed,  that  6-in.  ties  spaced  i8  in.  apart,  instead  of  8-in.  ties 
spaced  24  in.  apart,  would  increase  the  stiffness  of  a  light  rail 
from  1. 00  to  2.37,  as  the  figures  above  indicate;  yet  we  may 
justly  conclude  that  it  will  be  increased  very  greatly,  with  a  pos- 
sible decrease  in  the  total  cost  of  ties  as  well,  where  the  supply 
of  large  timber  is  small.  In  not  a  few  localities  ties  of  5-  or  6-in. 
face  can  be  had  for  but  little  more  than  half  the  cost  of  ties  with 
8-in.  face. 

1048.  A  great  error  is  often  committed  in  making  ties  too 
thin.  A  cross-tie  is  an  inverted  cantilever.  In  Fig.  251  we  have 
a  tie  yielding,  as  they  all  do,  more  or  less  under  a  load;  and  by 
inverting  Fig.  251  it  will  be  seen  that  we  may  consider  the  tie 
as  a  cantilever  beam,  supported  upon  two  piers  (the  rails)  and 
loaded  with  a  more  or  less  uniformly  distributed  load.  If  the 
tie  were  perfectly  stiff,  it  would  be  an  evenly  distributed  load, 
and  the  pressure  of  the  tie  upon  the  soil  would  be  uniform  for 
every  square  inch  of  its  bearing-surface.  If  the  tie  be  verythio, 
the  conditions  of  the  exaggerated  sketch  will  literally  obtaia 
The  middle  and  ends  of  the  tie  will  then  be  able  to  transmit  but 
little  pressure  to  the  ballast,  and  (since  the  total  pressure  trans- 
mitted must  in  any  case  be  the  same)  an  excessive  and  destruc- 
tive pressure  will  be  thrown  upon  the  road-bed  directly  under 
the  rails,  causing  rapid  deterioration  therein.  This  may  be 
shown  by  the  load-diagram  below  Fig.  251.  LfCt  us  suppose 
that  a  tie  be  so  thin,  or  the  nature  of  the  support  so  unyielding, 
that  the  load  per  square  inch  directly  under  the  rail  is  three  times 
as  great  as  at  the  ends  and  in  the  middle,  as  shown  by  the  full 
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ne  in  the  diagram  below  Fig.  251 — a  very  common  difiference, 
:  not,  indeed,  one  almost  universally  exceeded  in  occasional  in* 
tances,  even  on  a  very  good  track.  An  increase  of  stiffness 
rhich  would  double  the  load  on  these  lightly  loaded  extremities 
rould  produce,  as  will  be  seen  from  the  diagram,  an  absolutely 
niform  distribution  of  pressure,  and  although  this  can  never  be 
ally  realized,  yet  it  is  plain  that  it  may  be  approached. 

1049.  Now  the  stiffness  of  any  beam,  however  supported  or 
Daded,  is  in  proportion  to  the  cube  of  its  depth  (or  thickness  of 
le)  and  of  its  lengths  between  supports  (or  the  gauge).  Any 
ttempt  to  compute  from  these  facts  the  absolute  requirements, 
r  distribution  of  load,  with  a  given  tie  or  gauge,  would  be  pre* 
»osterous.  There  is  no  absolute  requirement,  since,  however 
^ell  maintained  the  track,  occasional  ties  are  badly  or  unequally 
upported;  and  since  the  load  is  far  more  than  sufficient  to  break 
ny  tie  in  two  at  the  middle  if  only  supported  at  that  point  (a 
ead  load  of  14,000  lbs.  per  wheel  would  probably  break  such 
ies  the  first  time  it  was  imposed),  it  is  for  these  maximum  de- 
Qands,  and  not  the  average,  that  we  must  provide.  Therefore, 
peaking  comparatively  only,  and  taking  a  tie  6  in.  thick  as  the 
»asis  of  comparison,  we  have  the  following: 

Thickness  of  Nairow'  (3  ft)  gauge  Tie  of« 


TbickneM. 

ComMratiTe 
Stiffness. 

Equal  Stiffness. 

Equal  Strength, 

1 

7 
8 

in. 
«« 

<< 

0.58 
1. 00 

1.59 
2.37 

3.18  in. 
3.82  " 

5.10  " 

4.30 
5.16 
6.02 
6.88 

m. 
« 

«< 

From  this  it  is  clear  that  although  the  nominal  bearing-sur- 
ace  of  a  tie  is  not  increased  by  increasing  its  thickness,  yet  that 
he  effective  bearing-surface  is  likely  to  be  very  materially  in- 
reased  by  a  very  moderate  increase  of  thickness.  By  increasing 
he  thickness  from  5  to  6  in.,  we  nearly  double  the  stiffness ;  by 
ncreasing  it  from  6  to  7  in.,  we  increase  the  stiffness  59  per 
ent,  giving  the  effect  outlined  below  Fig.  251,  in  which  the  full 
ine  shows  the  assumed  distribution  of  pressure  with  a  tie  6  in. 
hick,  and  the  dotted  line  the  effect  on  the  latter  of  thickening 
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the  tie  i  in.     Economizing  in  the  thickness  of  ties,  therefore, 
would  seem  to  be  one  of  the  poorest  ways  of  saving  money. 

1050.  This  is  more  fully  seen  by  comparing  the  effect  of  differ- 
ence of  length.  It  cannot  be  attempted  to  consider  the  matter 
in  detail,  but  a  tie  which  is  under  fair  conditions  to  permanently 
fulfil  its  office  of  distributing  the  load  may  be  considered  to 
curve  into  the  three  circular  arcs  shown  in  Fig.  251,  from  which 
it  will  be  apparent  that,  under  whatever  assumptions  as  to  the 
curve  of  flexure,  there  is  a  clear  limit  to  the  useful  increase  of 
length  in  ties  at  a  point  considerably  within  a  length  of  twice 
the  gauge,//*.  If  the  tie  be  made  longer,  as,  for  instance,  ex- 
tended to//',  or,  still  worse,  tog  g'^  either  the  extra  length  will 
carry  little  or  no  load  (which  is  most  likely),  or,  if  the  support 
nearer  the  rail  has  given  way  so  as  to  throw  load  upon  it,  it  will 
be  verv  liable  to  break  the  tie. 

If  the  tie  be  made  shorter,  the  load  thrown  on  the  middle  of 
the  tie  will  be  disproportionately  increased  until,  if  we  conceive 
the  tie  cut  ofif  close  to  the  outside  edge  of  the  rail,  the  load  per 
square  inch  will,  in  the  first  place,  be  very  greatly  increased, 
and,  in  the  second  place,  the  strength  of  that  portion  of  the  tie 
between  the  rails,  considered  as  a  beam,  is  diminished  by  about 
one  half  and  its  stiffness  about  seven  eighths;  because  the  effective 
spkn  of  the  beam  has,  by  cutting  off  the  projecting  ends,  been 
almost  doubled,  i.e.,  increased  from  bb\  Fig.  251,  to  cc^. 

1051.  For  the  most  efficient  service  from  ties,  therefore,  we 
have  a  certain  quite  narrow  limit  of  length,  the  minimum  being 
about  7^  ft.,  and  the  maximum  about  8^  to  9  ft.,  for  the  ordinary 
gauge  of  4.71  ft.  It  is  clear  from  the  above  that  any  increase  of 
length  above  8  ft.  gives  a  far  less  effectual  way  of  disp)Osing  a 
given  quantity  of  wood  (to  obtain  an  approximately  uniform 
pressure  on  the  ballast,  and  so  keep  down  the  maximum),  than 
to  increase  the  thickness,  provided  the  nature  of  the  timber  per- 
mits it.  The  apparent  gain  of  bearing-surface  by  increasing  the 
length  of  ties  from  8  ft.  to  9  ft.,  and  the  apparent  absence  of  gain 
in  bearing-surface  by  increasing  the  thickness  from  6  in.  to  7  in., 
will  be  seen  to  be  precisely  the  reverse  of  the  true  conditions, 
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and  we  may  well  believe  that  this  deceptive  contrast  has  been 
the  chief  cause  for  such  awkward  combinations  as  an  8^  or  9-ft» 
tie  with  only  6  in.  thickness,  which  prevails  with  6.1  per  cent  of 
the  ties  in  the  United  States. 

Neglecting  the  widths,  as  an  indeterminate  element  not  defi- 
nitely fixed,  the  percentages  for  the  entire  United  States  of  the 
various  lengths  and  thicknesses  of  ties  in  use  is  as  follows : 

Lengths,     .     .     8  f t.      8  ft.  6  in.      9  ft.         10  ft.     Total. 
Percentages,  .     63.5         27.6  8.9         o  +         loo.o 

Thickness,      .     6  in.       6^  in.        7  in.        8  in. 
Percentages,  .     54.4  3.8         41.4         0.4  loo.o 

While  these  variations  are  in  part,  and  perhaps  chiefly,  gov*- 
erned  by  the  conditions  of  the  timber  supply,  they  arise  in  part 
at  least,  we  may  safely  assume,  from  mistaken  views  as  to  what 
is,  abstractly  considered,  the  best  proportion  for  a  tie.  The  best 
dimensions  for  a  tie  are  about  7  in.  thick,  8  ft.  6  in.  long,  and 
7  to  9  in.  face. 

1052.  There  is  another  side  to  the  question  of  masonry  struc- 
tures which  may  be  briefly  noted.  While  a  structure,  if  built  at 
all,  should  be  well  and  solidly  built,  it  does  not  follow  that  be- 
cause a  certain  proportion  of  the  structures  of  a  line  eventually 
wash  out  that  they  were  therefore  ill-designed,  "  The  natural 
end  of  a  tutor,"  says  the  Autocrat  of  the  Breakfast-Table,  "is  to 
die  of  starvation.  It  is  only  a  question  of  time,  just  as  with  the 
burning  of  college  libraries."  So  in  a  certain  narrow  and  limited 
sense  we  may  say  that  the  natural  end  of  a  culvert,  and  even  of 
many  bridges,  is  to  perish  in  some  excessive  flood.  The  excep- 
tional storms  which  come  but  once  or  twice  in  a  century  can 
hardly  be  fully  provided  for,  for  the  reason  that  it  is  difficult  to 
build  any  large  number  of  structures  with  such  an  ample  margin 
of  safety  as  to  insure  that  many  of  them  will  not  eventually  wash 
out. 

For  example,  in  1886  there  came  some  unusual  storms  which 
chanced  to  fall  most  severely  on  some  of  the  Boston  roads,  which 
are  about  the  oldest  roads  in  this  country,  having  been  built 
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from  40  to  50  years,  and  had  rarely  suffered  much  from  floods 
and  washouts  heretofore.  As  a  consequence  structures  were 
washed  out  in  considerable  numbers  (on  the  Old  Colony  there 
were  40  washouts),  many  of  which  were  "  supposed  to  be  strong 
enough  to  resist  any  current,"  and  had  succeeded  in  doing  so 
for  half  a  century. 

1053.  Such  occurrences  will  and  ought  to  make  engineers 
cautious;  but  we  may  remember,  on  the  other  hand,  that  to  have 
insured  that  these  structures  should  not  have  washed  out,  their 
original  size  and  cost  would  have  had  to  be  nearly  if  not  quite 
doubled,  and  a  simple  computation  in  compound  interest  will 
show  that  had  this  been  done  in  the  first  instance  the  additional 
investment  would  have  amounted  at  6  per  cent  to  19*50  times 
the  actual  first  cost.  It  follows  that  in  1835  even  a  certainty  of 
saving  the  cost  of  duplicating  the  original  structure  in  z886  would 
have  warranted  barely  5  per  cent  additional  expenditure.  It  is 
true  that  the  bare  cost  of  renewal  does  not  cover  the  whole  loss, 
for  there  is  a  loss  from  delay  and  danger  of  accident  incurred 
by  the  washout  in  addition  thereto  ;  but  on  the  other  hand,  to 
guard  against  all  the  contingencies  which  might  arise  in  1886,  it 
would  have  been  necessary  in  1835  to  have  about  doubled  the 
cost  of  all  the  structures,  since  all  may  be  assumed  to  have  been 
laid  out  with  equal  care,  and  it  could  not  have  been  foreseen 
which  would  be  most  tried  thereafter. 

All  of  which  goes  to  show  that  when  structures  have  been 
skilfully  laid  out  to  stand  the  ordinary  contingencies  of  20  or  30 
years  it  is  about  all  that  is  either  practicable  or  justifiable,  and 
that  the  remarkable  storms  which  come  only  once  or  twice  in  a 
century  are  not  in  fact,  and  hardly  can  be,  successfully  g^uarded 
against.  This  is  especially  true  because  the  worst  effects  of  even 
the  greatest  storms  are  localized  within  quite  nairow  limits. 
The  storms  referred  to  were  not  by  any  means  the  worst  for  50 
years,  except  at  a  few  spots.  But  those  structures  which  washed 
out  chanced  to  be  at  those  spots,  while  the  really  greater  storms 
which  have  washed  out  others  in  past  years  did  not  chance  to 
fall  so  severely  on  these. 
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M-.  The  same  is,  in  substance,  true  of  inundations  of  rail- 

lines.     Every  year  we  hear  of  miles  of  line  of  important 

i  being  under  water,  and  every  year  it  is,  to  a  considerable 

It,  in  different  localities.     It  is  a  tolerably  safe  prediction 

vithin  reasonable 

justifiable  limits 

penditurc  no  rail- 
can    be    carried 

ny  long  distance 

igh  that  place  of 

aces  for  economi- 

peration,  a  river 

^,  without  being 

ime  time  and  at 
point  under  wat- 

Thc    conclusion 

whenever  this  oc- 

it  is  evidence  of 

ngineeringis  not 

ied.  There  are 
in   all   parts  of 

ountry  which  are 

lowed  forconsid- 
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or  four  years  for 

/  days,  and  find 

leaper   to    suffer 

vil  than  to  cor- 
it.      Prominent 

pies   among   in- 

irable  others  are  Cockitlat.,  mass.,  iBj^ibbj. 

nain  line  of  the  Pennsylvania  Railroad  in  Trenton,  N.  J., 

us  points  on  the  Erie,  Philadelphia  &  Erie,  aifd  Baltimore 

io,  and  various  roads  in  the  vicinity  of  Buffalo,  N.  Y. 

'ithout  going  to  the  length  of  saying  that  this  is  ordinarily 

iable,  which  would  be  going  too  far,  it  is  an  entirely  safe 
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CHAPTER  XXIV. 

THE  IMPROVEMENT   OF   OLD   LINES. 

1056.  It  should  follow  from  what  we  have  already  seen  in 
respect  to  the  errors  which  may  be  committed  in  the  laying  out 
of  new  lines,  that  many  existing  lines,  built  in  haste  and  without 
adequate  study  of  conditions  of  greatest  economy,  should  be 
capable  of  material  improvement  at  a  cost  far  within  the  added 
value  to  the  property.  That  this  is  so  is  a  matter  of  common 
observation  and  belief,  and  many  lines  are  already  acting  upon 
it  to  their  great  advantage.  Undoubtedly  the  number  of  such 
lines  will  continue  to  increase,  influenced  by  the  sharp  spur  of 
necessity  if  nothing  else,  and  it  is  probable  that  this  would  be 
more  generally  done  if  it  were  fully  realized  what  great  improve- 
ments may,  in  cases,  be  effected  at  very  moderate  cost,  and  how 
readily  the  possibilities  in  that  direction  may  be  determined 
without  elaborate  and  costly  surveys. 

The  subject  is  one  which  usually  requires  careful  study,  not 
so  much  for  determining  whether  or  not  improvements  can  ad* 
vantageously  be  entered  on,  which  is  often  too  clear  for  doubt, 
as  for  determining  precisely  how  and  where  the  most  improve- 
ment can  be  effected  for  the  least  money,  so  as  to  avoid  the 
danger  that,  if  the  improvements  are  entered  on,  the  expenditure 
will  not  be  given  the  right  direction,  and  so  accomplish  a  part 
only  of  what  might  have  been  accomplished,  or,  on  the  other 
hand,  will  include  much  that  was  not  essential  and  so  not  return 
interest  on  the  capital  invested. 

1057,  In  attempting  to  improve  an  old  line,  as  compared  with 
a  line  which  is  still  on  paper  only,  we  are  at  once  better  and 
worse  off.  On  the  one  hand,  we  have  a  positive  knowledge  of 
its  earnings,  expenses,  and  traffic,  and  far  more  definite  premises 

50 
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for  estimating  the  possibility  and  value  of  any  change  therein. 
We  know  or  may  know  precisely  how  much  locomotives  do  and 
can  do  on  the  line,  how  much  they  are  now  assisted  by  momen- 
tum in  passing  over  their  heavy  grades,  and  where  they  arc 
most  taxed.  Above  all,  perhaps,  we  have  time  to  fully  consider 
and  investigate  all  the  conditions.  Usually,  moreover,  there  arc 
certain  members  of  the  regular  staff  who  can  devote  a  moderate 
amount  of  time  to  investigations  and  minor  surveys  without 
serious  interference  with  their  regular  duties. 

1058.  On  the  other  hand,  we  have  the  disadvantage  that  any 
changes  of  line  or  grade,  or  of  positions  of  stations  or  water- 
tanks,  etc.,  etc.,  involve  the  throwing  away  of  a  certain  amount 
of  work  already  done,  instead  of  the  mere  addition  of  a  new  red 
line  to  the  maps  and  a  new  line  of  stakes  on  the  ground.  For 
this  reason,  a  change  which  might  have  been  in  every  way  ex- 
pedient in  the  beginning  may  not  be  expedient  when  loaded 
with  the  cost  of  two  lines  instead  of  one.  We  have,  moreover, 
the  disadvantage  that  the  value  of  property  and  number  of  build- 
ings are  liable  to  have  greatly  increased,  often  to  a  prohibitory 
limit,  especially  near  stations  and  large  towns,  where  changes 
are  most  likely  to  prove  expedient.  Moreover,  in  cases  of  con- 
siderable changes,  involving  the  abandonment  of  certain  sec- 
tions of  line  or  even  the  moving  of  minor  stations  or  sidings, 
legal  difficulties  may  arise,  with  expenses  of  unknown  magni- 
tude resulting,  perhaps,  from  the  mere  whim  of  a  jury,  and  re- 
quiring the  maintenance  and  operation  at  heavy  cost  of  work 
intended  to  be  abandoned.  It  has  been  successfully  disputed  in 
some  instances,  at  least  for  a  time,  whether  a  corporation  has 
the  right  in  law  to  abandon  sections  of  unprofitable  lines  to  the 
detriment  of  vested  interests  without  payment  of  heavy  damages 
as  compensation  for  contingent  as  well  as  actual  injury.  On 
the  otlier  hand,  instances  have  repeatedly  arisen  where  the  right 
of  such  abandonment  has  been  successfully  asserted  and  main- 
tained. Much  depends,  no  doubt,  both  on  the  importance  of 
the  case  and  the  rigor  of  the  opposition,' but  in  general  it  seems 
reasonable  to  expect  that  moderate  changes  for  which  necessity 
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or  good  reason  can  be  shown  will  not  be  accompanied  by  a  re- 
fusal of  legal  authority  to  make  them,  or  by  more  than  reason- 
able and  actual  damages.  It  constitutes  an  element  to  be  always 
remembered  and  weighed,  but  not  to  be  exaggerated  without 
weighing  it,  as  there  is  some  danger  that  it  may  be. 

1059«  The  disadvantage  of  having  to  build  a  line  twice  over  is 
one  which,  while  undoubted,  is  liable  to  affect  the  imagination 
far  more  than  its  real  importance  warrants.  The  constant  loss 
from  operating  a  bad  line,  on  the  other  hand,  being  so  gradual 
and  continuous  that  it  does  not  affect  the  imagination  at  all,  the 
two  causes  may  unite  to  indispose  responsible  officers  to  think 
of  entering  upon  a  policy  in  which  the  outlay  is  certain  and 
seems  larger  than  it  is,  while  the  gain  is  problematical,  and  even 
its  possibility  does  not  force  itself  upon  the  attention. 

To  construct,  say,  lo  per  cent  of  a  long  line  over  again,  for 
•example,  inevitably  im'presses  the  imagination  as  very  much  like 
adding  8  or  lo  per  cent  to  the  capital  invested;  and  as  the  ship 
is  nearly  sinking  under  the  load  it  carries,  what  may  happen  to 
it  with  that  load  added  ?  The  chances  are,  however  (Table  199 
and  14),  that  it  will  not  really  add  more  than  one  to  three  per 
cent.  On  the  other  hand,  what  can  seem  more  improbable, 
a  priori,  to  a  manager  who  is  only  hauling  25  or  30  cars  per  train, 
than  that  50  or  60  cars  can  be  drawn  over  the  same  road  with- 
out, say,  doubling  or  at  least  increasing  one  third  the  cost  of  the 
line  ?  Yet  this  has  been  repeatedly  accomplished,  and  can  be 
again  accomplished  on  many  thousand  miles  of  road,  at  far  less 
cost. 

1060.  The  defects  which  are  most  conspicuous  in  old  lines 
which  it  is  desired  to  improve  are,  in  general,  these: 

1.  The  passing  by  of  large  towns  or  other  sources  of  traffic 

•     

which  should  have  been  approached  more  nearly.  This  defect, 
although  a  great  one  in  the  laying  out  of  old  lines,  is  ordinarily 
not  one  for  which  alone  it  is  expedient  to  change  the  main  line, 
but  it  is  often  an  element  in  considering  changes  which  are  de- 
sirable for  other  reasons. 

2.  Excessive  curvature;   a  defect  which  forces  itself  with 
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quite  sufficient  force,  as  a  rule,  upon  the  attention  of  all  con- 
cerned, so  that  there  is  some  danger  that  expenditures  may  be 
incurred  in  efiforts  to  remedy  this  evil  which  might  better  have 
been  given  some  other  direction.  Nothing  further  will  be  said 
on  this  subject  than  has  been  already  said  in  Chapter  VIII.  on 
curvature;  but  it  is  beyond  question  that  on  important  trunk 
lines  large  expenditures  may  often  be  usefully  devoted  to  this, 
as  to  almost  any  other  improvement. 

3.  Improvements  in  gradients,  which  are  generally  at  once 
the  cheapest  and  the  most  important  to  effect,  and  to  which  this 
chapter  will  hereafter  be  devoted. 

1061.  The  defects  in  gradients,  of  a  remediable  character, 
which  are  most  likely  to  exist  in  old  lines,  are  as  follows: 

1.  Stations  on  heavy  grades,  including  as  heavy  grades 
not  only  those  which  appear  heavy  on  the  profile,  but  those 
which  are  sufficient  to  prevent  starting  a  full  train,  although 
easily  enough  passed  over  by  trains  under  normal  headway. 
The  number  of  lines  is  great  on  which  several  limiting  stations 
of  this  kind  exist  on  a  single  division,  so  that,  as  the  trainmen 
put  it,  '*  it  is  harder  to  start  the  trains  than  to  pull  them  up  the 
grade."  Very  frequently  these  bad  grades  at  stations  are  the 
onlv  obstacles  to  a  considerable  increase  of  train-load. 

2.  Grade-crossings  of  other  railroads,  which  have  often  been 
added  in  great  number  since  the  original  opening  of  the  line 
and  seriously  modified  the  handling  of  trains,  especially  in  the 
West. 

3.  Needless  undulations  of  grade,  avoidable  by  slight  d^ 
tours,  and  originally  introduced  only  because  the  importance  of 
low  grades  in  comparison  with  a  short  line  or  cheap  construc- 
tion was  underestimated. 

4.  Failure  to  use  pushers,  or  assistant  engines:  in  some 
cases  from  mere  oversight,  but  more  generally  because  the  line 
is  ill-suited  for  their  use  without  modifications  elsewhere.  It  is 
unfortunately  true  that  in  the  original  location  of  most  Ameri- 
can railways  this  possibility  has  been  little  considered;  partly 
because  the  amount  of  future  traffic  was  not  foreseen;  partly 
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>ecause  the  grades  seemed  too  low  to  make  the  possibility  worth 
:onsidermg  (it  being  only  in  recent  years  that  the  use  of  pushers 
>n  low  grades,  to  handle  very  heavy  trains,  has  become  common), 
md  partly,  in  some  instances,  from  mere  lack  of  thought 

1062.  On  very  many  lines  it  has  happened  that  there  was 
K>me  one  short  stretch  on  a  division  where  a  50  or  60  ft.  per  mile 
^ade  was  unavoidable.  Grades  approaching  this  limit  were  then 
ised  on  other  parts  of  the  line  which  were  easily  avoidable,  and 
:an  easily  be  taken  out,  from  an  idea  (correct  enough  if  the  use 
>f  pushers  is  not  considered)  that  they  were  of  no  importance  if 
30t  exceeding  the  maximum. 

Consequently,  when  the  line  was  opened,  trains  had  to  be 
)uite  short.  Stations  were  laid  out  or  have  been  added  from 
:ime  to  time,  without  reference  to  the  use  of  any  other  than  the 
»hort  trains  then  handled,  and  new  roads  have  from  time  to  time 
>ut  in  grade-crossings,  at  which  all  trains  were  compelled  to 
itop,  with  similar  indifference  to  consequences,  provided  the  new 
stop  did  not  require  a  still  shorter  train  than  was  then  handled. 

1063.  Thus  it  may  have  come  about,  in  the  c6urse  of  years, 
:hat  there  will  be  a  dozen  or  twenty  points  on  the  division  where 
;he  demand  upon  the  power  of  the  locomotive  is  almost  as  great 
IS,  and  frequently  greater  than,  the  resistance  on  the  maximum 
l^rade,  so  that  no  advantage,  or  very  little  advantage,  would  be 
gained  by  the  use  of  pushers  anywhere,  and  the  character  of  the 
ine  seems  fixed,  without  entire  reconstruction.  Yet  the  whole 
nay  be  often  remedied  by  some  among  the  following  simple 
;^ays,  at  very  moderate  aggregate  cost: 

I.  The  point  or  points  offering  most  original  difficulties  and 
laving,  probably,  the  heaviest  work  and  grades  (say  60  feet)  may 
)e  in  some  cases  avoided  altogether  by  a  detour  of  a  few  miles, 
)ut  in  general  can  more  advantageously  be  operated  as  it  stands 
nrith  a  pusher,  thus  about  doubling  the  possible  train  over  it. 

1064.  2.  The  points  of  next  heaviest  grades — there  may  be  six 
5r  eight  of  them,  having  grades  of  30,  40,  and  50  to  60  feet  per 
mile — will  in  some  instances  be  so  short  that  they  are  now,  or 
:an  well   be,  operated  as  momentum  grades,  with  or  without 
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some  slight  modification.  The  feasibility  of  this  can  be  deter- 
mined simply  and  easily  in  the  manner  explained  in  par.  40S.  h 
other  (and  frequent)  cases  short  sections  of  new  grading  will  be 
required,  to  which  the  track  complete  can  be  removed.  In  some 
cases  the  regrading  of  considerable  sections  will  be  necessary, 
enabling  the  line  perhaps  to  strike  some  new  town  by  a  detoar, 
but  endangering  legal  complications  for  damages  unless  both 
lines  are  maintained.  Very  frequently,  however,  such  double 
construction  may  give  all  the  advantage  of  a  double  track,  for  a 
certain  distance,  since  the  objectionable  gradients  may  be  op> 
posed  to  trains  going  one  way  only. 

1065.  3.  The  disadvantageous  effects  of  grrade-crossings  may 
now,  happily,  be  immediately  removed  in  all  cases  by  taking  ad- 
vantage of  the  laws  already  existing  in  some  States  (see  next  chap> 
ter),  and  to  be  easily  obtained  by  effort  where  they  do  not  exist, 
permitting  such  crossings  to  be  operated  by  interlocking  signab 
without  requiring  trains  to  stop  at  them  regularly.  It  is  now 
universally  admitted  by  intelligent  and  well-informed  men,  that 
this  is  a  much  safer  and  cheaper  safegruard  than  the  stopping  of 
trains.  Exceptional  crossings  no  doubt  exist  where  (as  some 
trains  must  stop  when  another  happens  to  be  passing)  this  rem- 
edy would  not  be  a  perfect  one,  and  an  overhead  crossing  prefer- 
able, especially  to  effect  at  the  same  time  an  improvement  of 
grade,  but  in  general  dispensing  with  a  stop  by  interlocking 
would  be  all  that  was  practically  necessary.  The  expense  of  d> 
ing  so  is  considered  more  fully  in  the  next  chapter. 

1066.  4.  The  unfavorable  gradients  at  stations — very  often  the 
chief  evil  to  be  cured,  although  none  but  the  trainmen  may  fully 
realize  the  fact — can  be  remedied  by  one  or  the  other  of  numer 
ous  ways,  as  follows: 

[a)  By  moving  the  station  or  the  freight  tracks  only  a  little 
ahead  or  back,  so  as  to  reach  a  more  favorable  point;  if  neces- 
sary, at  important  stations,  by  completely  separating  the  freight 
and  passenger  yard  and  station,  and  incurring  some  extra  ex* 
pense  for  extra  operators,  switchmen,  etc. 

{p)  By  modifying  the  gradients  of  the  station^  or  of  one  or 
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two  tracks  thereat  in  the  manner  indicated  in  Fig.  254,  viz.,  rais- 
ing the  track  a,  at  the  lower  end  of  the  yard,  so  as  to  give  a  lower 
grade  for  starting  trains,  at  the  expense  of  a  somewhat  higher 
grade  for  stopping  them,  the  latter  having  no  other  disadvan- 


Fig.  9S4« 


tageous  effect  than  to  check  the  speed  of  a  passing  train,  acting 
in  place  of  a  brake,  to  some  extent,  if  the  train  is  to  stop. 

(r)  By  stationing  a  switchman  to  open  certain  switches,  and 
thus  saving  the  necessity  of  a  train  stopping  at  an  unfavorable 
point  to  open  or  shut  them.  On  large  roads  and  at  large  sta- 
tions this  is  not  a  difficulty,  but  at  other  points  it  is  one  which 
must  be  fully  borne  in  mind. 

1067.  (i)  By  breaking  through,  if  necessary,  general  rules  as 
to  which  trains  shall  take  the  side  track,  and  even  (in  effect  if  not 
in  form)  which  trains  shall  have  the  right  of  way.  The  latter,  of 
course,  cannot  safely  be  done  in  form,  but  the  desired  end  can 
be  accomplished  by  taking  care  in  despatching,  to  have  the  lightly 
loaded  trains,  or  those  which  the  grades  favor,  held  for  those 
which  cannot  well  stop  at  certain  stations  or  only  with  difficulty. 
A  general  rule  on  this  subject  is  commonly  established  and  put 
in  force  over  all  divisions  of  large  roads — as  for  instance  that  east- 
bound  trains  have  right  of  way  over  west-bound,  which  latter, 
consequently,  are  by  custom  always  obliged  to  take  the  side 
track  at  all  stations,  and  by  custom  of  the  despatchers  are  com- 
monly held  so  as  to  favor  the  east-bound  trains.  But  while  such 
a  rule  may  work  well  enough  on  most  divisions,  it  may  work 
very  unfavorably  in  others. 

1068.  For  example,  on  the  New  York,  Pennsylvania  &  Ohio 
Railroad,  the  general  rule  that  east-bound  trains  had  the  right 
of  way,  which  was  well  enough  for  the  remainder  of  the  road,  had 
(and  probably  still  has)  the  effect  on  the  Mahoning  Division  to 
compel  the  heaviest-loaded  trains  to  stop  and  take  the  side  track, 
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on  a  curve,  when  half  up  a  long  maximum  grade,  to  let  trains 
always  more  lightly  loaded  pass  down  hill  at  full  speed  past  them. 

Such  cases  are  not  infrequent,  and  come  to  be  looked  upon  as 
matters  of  course;  but  it  is  needless  to  say  that  they  can,  when 
occasion  arises  to  make  it  expedient,  be  modified  if  necessary  (i) 
by  reversing  on  one  division  the  usual  rule  as  to  which  trains  have 
right  of  way  ;  (2)  by  giving,  at  some  given  station  or  stations, 
trains  going  in  one  direction  the  right  to  hold  the  main  track  and 
require  an  opposing  train  to  take  side  track,  regardless  of  which 
has  right  of  way;  (3)  by  favoring  trains  in  dispatchers' orders, as 
before  suggested. 

Thus,  in  one  way  or  another,  it  may  generally  be  effected 
that  trains  passing  in  one  direction  past  some  one  station  on  a 
division,  at  least,  with  unfavorable  .grades  which  cannot  other- 
wise be  remedied,  shall  not  be  compelled  to  stop  at  it. 

1069.  {e)  At  large  stations,  where  there  is  most  likely  to  be  diffi- 
culty or  great  expense  in  adopting  any  of  the  preceding  meth- 
ods, a  switch-engine  which  it  is  found  necessary  to  keep  at  the 
station,  but  which  is  not  kept  very  busy,  may  be  utilized  to  help 
trains  through  the  yard,  and  perhaps  also  over  some  unfavor- 
able grade-crossing,  which  is  particularly  likely  to  come  near 
to  such  a  station.  If  the  traffic  of  the  line  be  very  heavy  this 
may  not  be  possible;  but  in  that  case,  as  a  last  resort,  an  engine 
may  be  stationed  at  the  yard  for  the  sole  purpose  of  helping 
trains  through  it.  By  modifying  the  position  of  the  tele- 
graph office  it  may  in  general  be  arranged  that  the  use  of  such 
an  engine  shall  cause  no  extra  stoppage  of  the  train.  In  fact,  on 
many  lines  of  heavy  traffic,  as  for  instance  the  Hudson  River 
Division  of  the  New  York  Central  Railroad,  pusher  engines  arc 
used  to  help  trains  over  short  grades  without  stopping  trains  at 
all,  the  pushers  coming  up  behind  the  train  as  it  passes  a  switch, 
running  two  or  three  milles,  and  retumitig  on  the  same  track, 
protected  by  a  flag. 

1070.  The  best  method  of  determining  how  much  can  be  ef- 
fected in  these  various  ways  is  by  observations  of  the  variations 
of  velocity  in  the  handling  of  heavy  trains  on  the  present  line  in 
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a  manner  shortly  to  be  described  In  this  way  we  eliminate  the 
necessity  of  considering  and  allowing  for  a  long  list  of  doubtful 
elements — which  throw  a  haze  of  uncertainty  over  any  computa- 
tion  in  which  they  must  be  separately  estimated  or  guessed  at^ 
by  simply  determining  by  direct  observation  the  resultant^  so  to 
speak,  or  net  effect  of  them  all.  For  lack  of  definite  knowledge 
on  a  number  of  variable  elements,  it  is  difficult,  if  not  impossible, 
either  to  compute  or  to  observe,  separately,  either  the  power  of 
the  engine  or  the  whole  resistance  of  the  train,  but  we  can  de- 
termine, very  accurately  and  simply,  the  relation  which  the  one 
bears  to  the  other — which  is  all  that  really  concerns  us — in  this 
way : 

I.  When  the  engine  at  any  given  point  on  the  open  road 
LOSES  SPEED,  it  is  proof  that  working  with  the  given  steam-pres- 
sure and  point  of  cut-off  it  is  overloaded,  and  the  amount  of 
velocity  lost  can  be  made  a  measure  of  how  much  it  is  over- 
loaded (par.  400  et  a/.). 

II.  Conversely,  if  the  engine  gain  speed  at  any  point  on  the 
open  road,  under  given  conditions  of  steam-pressure  and  cut-off, 
it  is  a  proof  that  it  is  underloaded,  and  the  observed  variations 
of  velocity  can  be  made  to  accurately  indicate  how  much. 

III.  If  an  engine  acquires  speed  in  starting  very  quickly, 
under  given  conditions,  without  slipping  the  wheels  or  using 
sand,  etc.;  or,  on  the  contrary, 

IV.  If  the  engine  start  very  slowly,  or  not  at  all,  without 
slipping  the  wheels  or  using  sand,  or  both — the  observed  facts 
may  be  made  a  measure  for  accurately  determining  what  train  it 
•could  start  under  similar  conditions  with  fair  working  efficiency. 

1071.  By  velocity  observations  of  the  nature  above  indicated 
under  varying  conditions  of  wind,  weather,  temperature,  long  and 
short  trains,  loaded  and  empty  cars,  etc.,  etc.  (all  of  which  can 
be  observed  on  trains  by  simply  waiting  for  suitable  opportuni- 
ties without  affecting  or  interfering  with  normal  operating  prac- 
tices), we  have  a  positive  basis  for  determining  from  what  is 
done  under  those  conditions  whether  or  not  the  comparative 
ratio  of  power  to  resistance  on  various  parts  of  the  line  is  seri- 
ously imperfect. 


As  respects  the  cars 
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In  other  words,  we  can,  by  the  simple  observations  suggested 
and  to  be  described,  construct  a  virtual  profile  of  the  road 
under  all  extremes  of  external  conditions.  We  can  then  com- 
pare  these  virtual  profiles  and  determine  whether  or  not  a  giveo 
set  of  improvements  which  produce  a  desired  uniformity  of  re- 
sistance under  one  set  of  conditions,  as  fair  summer  weather  and 
heavy-loaded  trains,  will  have  as  great  comparative  value  ia 
stormy  winter  weather  with  long  trains  of  empty  cars. 

Positive  determinations  of  any  one  of  the  following  doubtful 
elements  we  save  the  need  of  altogether : 

The  ratio  and  amount  of  adhesion. 
The  cylinder-power. 

As  respects  ike  ^im...  \  JS^  ^^^"Sunce. 

The  rolling-friction  and  friction  of  machine^. 
The  gain  from  using  sand. 

The  rolling-friction. 

The  wind  resistance. 

The  effect  of  number  and  load  of  cars. 

(The  effect  of  temperature,  state  of  rail. 
The  extent  to  which  momentum  may  be  re- 
lied upon  to  help  trains  over  short  heavy 
grades. 

1072.  To  accomplish  these  ends  the  system  of  observatios 
should  in  detail  be  as  follows  : 

The  only  apparatus  or  previous  preparation  necessary  is  a  series  of 
distance-stakes  along  the  line,  a  stop-watch,  and  a  note-book,  with  an 
observer  on  the  engine  (at  times),  also  provided  with  a  note-book. 

The  stakes  are  set  at  various  governing  points  on  the  line  where 
speed  observations  are  desirable.  They  should  be  of  a  size  and  color  to 
be  easily  visible,  and  should  be  set  throughout  the  road  at  some  fixed 
and  uniform  distance  apart.  Boards  fastened  to  the  fence  may  be  more 
convenient  than  stakes.  It  is  unimportant  to  place  them  with  ref- 
erence to  mile-posts,  but  they  should  be  set  at  top  and  bottom  of  every 
doubtful  grade,  and  at  the  up-grade  starting-point  at  every  station  and 
stopping-place  which  either  is  or  may  become  in  any  way  a  difficult 
point,  requiring  consideration.  It  can  do  no  harm  to  place  them  at  all 
stations,  as  comparisons  may  be  instructive. 

A  train  moving  at  lo  miles  per  hour  passes  over  14.67  feet  per 
second.    As  our  time  observations  must  be  in  seconds,  it  will  be  more 
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convenient  to  set  these  stakes  at  some  multiple  of  14.67  feet  apart,  thus 
making  all  velocity  records  throughout  readily  convertible  into  miles 
per  hour  from  speed  notes  in  seconds.  A  suitable  distance  is  14.667  x  3a 
or  393.33  feet.  I'  set  at  that  distance  a  train  which  passes  over  the 
distance  between  any  two  stakes  in 


ao  lecoDdi  19  moTing  al 


<  mil 


'3i 


I  per  honr. 


In  other  words,  reciprocal  of  A  seconds  X  200  =  vel.  t'tt  miles  fer  hour 
between  the  two  stakes ;  avery  simple  computation  from  a  table  01  re- 
ciprocals which  the  following  Table  201  will  save  the  need  of. 
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The  disposal  of  the  stakes  at  stations,  where  speed  Is  slow, 
may  be  advantageously  modified  by  putting  in  half-stations,  so 
that  they  arc  only  146.67  feet  apart,  thus  giving  more  accuracy 
to  the>observations  ;  but  this  is  unessential,  and  does  not  modify 

the  principle. 
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1073.  Stop-watches  suitable  for  this  purpose  may  be  bought  of  any  dealer 
for  |7  to  $10  each.  They  read  to  quarter  or  fifths  of  seconds,  being  stopped 
and  the  hands  fixed  at  any  instant  by  the  movement  of  a  little  button.  Pres- 
sure on  another  button,  B^  Fig.  255,  restores  the 
hand  to  zero,  ready  for  another  start.  They  are 
generally  durable  and  reliable. 

Two  stop-watches  may  advantageously  be  pro- 
cured and  mounted  together  on  a  board,  the  starting 
buttons  being  connected  to  a  single  lever,  as  shown 
in  Fig.  255,  in  such  manner  that  a  single  motion  of 
the  lever  will  start  one  watch  and  stop  the  other 
simultaneously.  This  will  throw  the  buttons  for 
turning  the  hand  to  o  on  the  outside,  so  that  they 
can  be  readily  used  without  danger  of  mistaking  one 
Fig.  955.  for  the  other.     It  is  not,  however,  essential  that  in 

taking  a  series  of  say  five  or  six  observations  we  should  return  the  hand  to  zero 
each  time.  We  may  simply  start  one  watch  and  stop  the  other  at  each  station 
and  note  the  actual  readings,  as  below  noted.  The  attachment  of  the  lever 
should  be  so  devised  that  there  is  a  single  point  in  a  central  position  of  the 
lever  where  neither  watch  will  be  started,  which  is  a  simple  matter  to  do.  A 
single  "  split-second"  watch  will  answer  the  same  purpose,  but  is  more  expen- 
sive. 

Some  brass  clips,  C,  for  inserting  a  memorandum  slip  near  to  the  watches 
may  advantageously  be  placed  upon  the  board  to  which  they  are  attached,  and 
brackets  or  angle-plates  may  well  be  provided  for  readily  screwing  the  whole 
firmly  to  the  side  of  the  car.  It  is  convenient,  although  not  essential,  to  have 
an  observer  to  watch  and  call  off  the  instant  of  passing  each  stake,  so  that  the 
attention  need  not  be  distracted  from  accurately  taking  the  time  observations. 
A  little  stand  or  hook  to  carry  an  ordinary  watch  for  time  records  may  well  be 
added. 

1074.  The  records  of  a  series  of  six  or  eight  successive  observations 
at  any  desired  point  may  then  be  jotted  down  on  the  memorandum  pad. 
to  be  worked  up  later,  or  on  the  spot,  since  they  are  likely  to  be  needed 
at  infrequent  intervals  only.  It  answers  every  useful  purpose  of  a  dyna- 
mometer record,  for  the  fluctuations  of  speed  are  such  a  record. 

In  starting  out  from  a  station  the  intervals  of  time  will  be  consider- 
able, even  when  taking  half-stations  of  146.67  feet  each,  and  there  is  no 
difficulty  under  any  circumstances  in  taking  readings  with  all  essential 
accuracy. 

1075.  The  simple  preliminary  preparations  required  having  been 
made,  the  method  of  conducting  the  observations  of  the  actual  working 
of  trains  should  be  as  follows : 
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Before  beginning  the  more  careful  and  accurate  work  a  series  of  com- 
>aratively  rude  observations  may  well  be  made  in  which  exactitude  is 
lot  desired  or  attempted,  solely  for  the  purpose  of  observing  the  varia- 
ions  of  velocity  in  the  ordinary  routine  of  service,  and  to  learn  what  to 
!zpect  and  where  to  observe  most  carefully.  No  observer  on  the  engine 
s  needed  for  this  purpose,  and  it  is  as  well,  or  perhaps  better,  that  the 
rainmen  should  know  nothing  of  the  particular  purpose  in  view. 

For  the  more  formal  and  careful  observations  an  observer  on  the 
tngine  is  necessary ;  and  it  is  desirable  that  the  train  should,  in  several 
nstances  at  least,  be  run  on  an  accelerated  schedule,  and  that  the  engine- 
nan  should  have  full  liberty,  and  indeed  express  instructions,  to  get  over 
;he  ground  (and  especially  to  pull  out  from  stations)  as  rapidly  as  is  con- 
sistent with  due  caution  and  safety ;  in  other  words,  to  see  how  quickly 
le  can  run  over  the  division,  remembering  always  that  the  cylinder 
;ractive  power  of  locomotive  is  very  different  at  high  speed  and  low 
jpeed  (par.  557  et  seq^. 

1076.  The  duty  of  the  observer  on  the  engine  is  to  take  notes  from 
X)int  to  point  of  the  following  details ;  not  for  the  purpose  of  making 
my  absolute  estimates  or  computations,  but  simply  to  have  a  full  record 
>f  the  work  of  the  engine : 

(i)  The  steam-pressure,  by  record  of  fluctuations  of  the  steam-gauge. 
[t  depends  largely  on  the  skill  of  the  fireman ;  how  much,  can  only  be 
ietermined  by  trial  of  different  men,  or  by  their  record,  if  on  a  road 
jirhich  has  a  fuel  premium. 

(2)  The  point  of  cut-off ,  or  "  notch." 

(3)  ^^^  slipping  of  wheels  and  the  use  of  sand.  The  record  as  to  the 
ast  depends  very  largely  (par.  501)  upon  the  skill — and  even  in  some 
:ases  on  the  good-will — of  the  engineman.  It  should  be  remembered 
:hat  he  can,  if  he  chooses,  slip  the  wheels  almost  anywhere,  and  he  will 
slip  them,  whether  he  wishes  to  or  not.  if  he  have  not  the  requisite  skill, 
Dr  is  not  disposed  to  be  careful.  Starting  is  ordinarily  effected  by  set- 
ting the  valves  in  full  gear  ahead  and  regulating  the  admission  of  steam 
Dy  the  throttle.  If  a  full  pressure  of  steam  be  admitted  too  suadenly,^ 
slipping  of  the  wheels  is  certain  to  ensue,  even  if  the  engine  be  hauling 
10  train  whatever. 

1077.  Too  much  importance  must  not  be  attached  to  such  slipping, 
Jierefore,  since  it  is  more  or  less  a  regular  incident  to  handling  heavy 
:rains  by  locomotives,  which  cannot  be  wholly  avoided  without  cutting 
lown  trains  to  an  uneconomical  point,  nor  perhaps  even  by  doing  so,  as  is 
Bvitnessed  by  the  slipping  which  goes  on  constantly  in  yard  work,  result- 
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ing  not  from  the  excessive  load,  but  from  too  great  haste  to  get  the  load 
under  way. 

1078.  The  duty  of  the  observer  on  the  caboose  (or  at  any  other  con- 
venient point  on  the  train)  is  confined  to  taking  the  time  records.  He 
should  know  the  points  at  which  they  are  to  be  taken  very  thoroughly. 
He  should  also,  before  starting  out  on  the  trip  or  after  completing  it, 
note  the  following  details : 

Number  and  class  of  engine  and  name  of  engineman  and  fireman. 

Number  and  gross  weight  of  loaded  and  empty  cars,  and  whether  box 
or  fiat  cars,  and  how  many  ends  of  box  cars  are  left  exposed  in  the  train, 
by  being  preceded  by  flat  cars,  to  cause  extra  air  resistance. 

Temperature,  condition  of  rail,  and  direction  and  velocity  of  the  wind. 
The  latter  may  well  be  determined  by  an  anemometer  and  wind-vane  on 
the  caboose,  which  will  give  directly,  what  is  really  required,  the  resultant 
in  magnitude  and  direction  of  the  wind  caused  by  the  motion  of  the  train, 
and  that  otherwise  existing.  With  a  head  wind  the  resultant  will  lie  in  the 
direction  of  the  train  and  have  a  velocity  equal  to  the  two  combined ; 
with  a  rear  wind,  it  will  have  a  velocity  equal  to  the  difference  of  the 
two,  which  may  be  zero ;  with  a  side  wind  equal  in  velocity  to  the  speed 
of  the  train  the  resultant  will  lie  at  an  angle  of  45°  therewith,  and  have 
a  vefocity  1414  times  greater,  etc.  It  is  not  really  essential  that  very 
accurate  wind  observations  should  be  made,  since  we  are  not  after  abso- 
lute but  comparative  results,  and  it  is  easily  estimated  whether  a  storm 
or  wind  is  or  is  not  about  as  unfavorable  as  is  often  encountered. 

1079.  The  records  having  been  taken,  the  velocities  at  various  points 
are  taken  from  Table  201  and  the  vertical  "  head  "  in  feet  corresponding 
to  that  velocity  taken  from  Table  1 18,  in  the  manner  which  has  been  dis- 
cussed in  par.  397  et  seq,  on  virtual  profiles,  which  we  are  now  ready  to 
construct,  preparatory  to  entering  upon  the  interpretation  of  the  obser- 
vations taken.    In  these  latter  steps  lie  the  delicate  parts  of  the  work. 

CONSTRUCTION  ,0?    THE   VIRTUAL   PROFILE. 

1080*  Taking  an  actual  profile  (which  need  not  necessarily 
cover  the  whole  line,  but  may  show  only  the  important  points; 
a  common  profile  to  working  scales  is  the  best),  lay  off  at  each 
point  where  time  records  have  been  taken  the  vertical  height  in 
feet  corresponding  to  the  velocity  which  the  train  had  at  that 
point.  By  an  assumption  which  is  practically  correct,  the  aver- 
age speed  which  a  train  has  between  any  two  stations  is  its  actual 
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speed  at  a  point  midway  between  them.  The  vertical  heights 
should  therefore  be  laid  off  at  corresponding  points  on  the 
profile. 

In  this  way  we  obtain  our  virtual  profile,  parts  of  which  may 
be  something  like  the  dotted  line  on  the  following  Fig.  256,  the 
solid  line  being  the  actual  profile. 


Fig.  356. 

lOdl.  This  virtual  profile,  as  we  have  seen,  is  that  which  alone 
needs  to  be  considered.  It  represents  a  line  over  which,  if  it 
were  actually  constructed,  a  locomotive,  exerting  at  every  point 
the  same  energy  and  overcoming  the  same  frictional  resistances, 
would  move  at  every  point  without  either  gaining  or  losing 
speed.  On  this  profile  what  appears  to  be  and  what  is  coincide. 
\i  the  virtual  profile  shows  a  low  enough  rate  of  grade  we  need 
not  be  disturbed  if  the  actual  profile  below  it  shows  a  consider- 
ably higher  grade.  On  the  other  hand,  if  the  virtual  profile 
shows  a  short  heavy  grade  in  pulling  out  from  a  station,  which 
cannot  be  reduced  by  taking  more  time  in  starting  trains,  its 
disadvantage  is  no  whit  less  because  it  is  short  or  because  the 
actual  grade  below  it  is  almost  a  level. 

The  virtual  profile  will  differ  according  to  the  direction  the 
train  is  running,  as  well  as  more  or  less  with  each  record  taken; 
but  from  all  these  notes  together  a  safe  average  is  supposed  to 
have  been  determined  at  each  point. 

1082.  Studying  how  to  reduce  this  virtual  profile,  we  recog- 
nize three  ways: 

First  (and  simplest),  to  vary  the  velocity  by  increasing  it 
in  the  hollow  of  grades  and  decreasing  it  on  the  summits  and  by 
eliminating  or  taking  longer  time  for  stops.  By  carrying  this 
process  far  enough,  we  may  reduce  the  virtual  profile  of  an  un- 
dulating line  having  very  heavy  grades  to  a  level,  as  we  have 
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seen  (par.  399);  but,  practically,  only  minor  variations  of  this 
kind  are  admissible. 

Secondly  (and  next  simplest),  by  using  pushers. 

Thirdly^  by  reconstruction  or  amendment  of  the  actual 
profile. 

1083.  Let  us  suppose,  as  examples  are  most  readily  followed, 
that  these  observations  have  been  taken  and  the  virtual  profiles 
made  over  a  given  division  with  the  results  at  various  points 
outlined  on  the  following  Figs.  257  to  264. 

Some  long  hard  pull  on  a  1.2  per  cent  grade  (63.36  feet  per 
mile)  shows  that  the  given  engines  can  handle  25  cars,  more  or 
less,  on  this  grade  with  great  ease,  except  in  very  unfavorable 
weather.  Under  fairly  favorable  conditions  the  velocity  gained 
without  overtaxing  the  boiler  capacity  is  such  as  to  indicate  a 
virtual  maximum  grade  of  1.4  per  cent,  or  even  more. 

The  same  is  true  at  a  number  of  minor  points  on  the  same 
division. 

In  pulling  out  at  stations,  by  comparison  of  many  observa- 
tions, it  is  found  under  average  conditions  that  the  virtual  grade 
was  1.3  to  1.5  without  using  sand  (being  somewhat  lower  be- 
cause of  the  greater  journal-friction,  and  lower  because  the  full 
adhesion  was  more  nearly  used  and  there  was  less  air  and  other 
velocity  resistance),  while  when  sand  was  used  the  virtual  grade 
was  raised  to  r.6  or  t.8.  On  the  other  hand,  with  very  unfa- 
vorable weather  and  a  bad  rail,  the  virtual  profile  in  starting  is 
1.2  to  1.4,  even  with  use  of  sand. 

1084.  Under  these  conditions  we  have,  in  the  first  place,  an 
indication  that  the  trains  now  handled  on  the  road  as  it  stands 
are  somewhat  smaller  than  they  might  be — an  indication  which 
is  alone  worth  the  trouble  of  an  investigation  of  this  kind,  and 
can  in  no  other  way  be  so  accurately  determined.  Passing  that 
question,  however,  as  not  now  under  consideration,  we  have  a 
very  positive  indication  that  we  shall  be  safe  in  assuming  that 
by  using  a  pusher  of  equal  power  over  the  worst  grade,  we  shall 
in  effect  reduce  it  to  the  equivalent  for  a  single  engine  of  a 
pusher  grade  of  1.2  per  cent,  which  is  (Table  182,  page  593)  0.4$ 
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per  cent  (23.8  feet  per  mile).  This,  therefore,  is  what  we  should 
try  for  over  the  remainder  of  the  division.  If  we  find  it  easy  of 
accomplishment,  we  may  consider  reducing  it  still  lower  and 
using  a  heavier  pusher  engine,  but  such  course  is  to  be  adopted 
with  caution. 

The  actual  grade  at  stations  on  this  grade  should  not  be 
more  than  0.5  for  at  least  700  ft.,  and  i.o  for  1000  ft.  beyond,  but 
by  use  of  sand  may  be  somewhat  higher  for  short  distances. 


>.. 


Fig.  857. 


Over  the  remainder  of  the  division  we  are  liable,  at  various 
points,  to  have  cases  like  the  following: 

1085.  A  station  grade  at  A,  Fig.  257,  on  an  actual  grade  of 
0.6,  is  operated  very  easily  now,  the  train  quickly  getting  under 
way  even  without  the  use  ***^.^ 
of  sand.  By  taking  more 
time  for  starting  heavy 
trains  (say  attaining   full 

working  speed  at  B)  the  Fig.  258. 

virtual  grade  might  be  reduced,  perhaps,  to  .75,  but  it  is  neces- 
sary to  reduce  it  to  0.5  at  leasts  and  if  possible  to  0.4,  the  actual 
grade  needing  to  be  considerably  less. 

The  neatest  and  most  effectual  method  is  to  remove  the  sta- 
tion at  once  from  A  to  B^  this  alone  having  the  effect  to  favor- 
ably modify  the  virtual  profile  far  more  than  was  desired,  giving 
that  shown  in  Fig.  258.  If  this  be  impossible,  the  next  best 
method  is  to  take  out  the  bad  gradient  in  the  virtual  profile  by 
raising  the  grade  at  A  on  the  actual  profile  to  A\  giving  it  the 
form  shown  in  Fig.  259.  Changes  of  this  kind  are  apt  to  be 
expensive  because  of  their  locality;  but,  on  the  other  hand,  they 
51 
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are  inexpensive  in  that  they  are  seldom  very  long.  The  effect  ij 
to  substitute  (in  the  lower  half  of  the  diagram)  a  broken  actual 
but  good  virtual  profile,  in  place  of  a  good  actual  but  bad  virtual 
profile,  as  in  the  upper  half  of  Fig.  259. 

1086.  A  modification  of  the  same  case  may  be  as  follows:  A 
station  originally  well  situ- 
ated, as   S^    Fig.    260,  but 
which  has  been  complicated 
by  subsequent  additions  of 
grade-crossings    for   other 
lines  C  and  Cy  at  which  all 
trains    have    to    stop  and 
^'°*  *^^                             start  again  on  a  grade. 
The  first  and  best  remedy  for  this  evil  is  the  use  of  inter- 
locking signals,  saving  the  necessity  of  a  stop  except  to  let 
another  train  pass;  but  as  that  is  a  contingency  which  may  hap- 
pen not  infrequently,  it  can   never  be  a  perfect,  nor  in  some 
cases  sufficient,  remedy.     The  evil  may  also,  in  cases,  be  reme- 
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died  by  raising  the  grade  of  the  track  approaching  the  crossing 
as  outlined  at  C  and  C,  provided  the  virtual  grade  of  the  approach 
be  not  increased  thereby  to  an  inadmissible  rate.  The  only 
remaining  course  is  either  to  use  a  yard  engine  as  a  helper  over 
the  crossings  or  to  boldly  lower  the  grade  by  passing  under 
each  road,  and  grading  a  new  road-bed  or  lowering  the  existing 
one,  for  which  room  may  be  so  scant  as  to  require  retaining- 
walls.  This  will  make  the  improvement  a  costly  one,  and  yet 
the  cost  will  probably  be  small  in  proportion  to  the  gain, 
unless  it  is  only  one  among  many  costly  improvements  required 
for  the  desired  end. 

1087.  At  large  towns  it  is  a  very  common  thing  to  find  the 
station  located  at  some  point,  like  S  or  .S*,  Fig.  261,  which  was 
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originally  fixed  more  with  reference  to  the  convenience  of  the 
town  than  to  the  grades.  This  is  of  course  the  proper  thing  tp 
do,  and  a  decrease  of  station 
facilities,  or  a  change  causing 
inconvenience  to  the  patrons  of 
the  line,  will  in  general  be  inex- 
pedient. Such  large  stations, 
moreover,  are  generally  well  provided  with  side  tracks,  so  that 
the  result  is  that  they  are  largely  used  by  train-dispatchers  as 
passing  points. 

The  proper  remedy  in  such  cases  is  to  establish  sidings,  For 
y,  to  serve  as  passing  points  for  through  trains  only,  with  a 
separate  telegraph-office,  leaving  the  local  facilities  undisturbed. 
This  requires  the  services  of  two  operators  to  do  the  work  of  one, 
and  perhaps  one  or  two  other  otherwise  needless  employ6s,  but 
the  wages  of  one  train  crew  for  a  single  trip,  it  should  be  re- 
membered, will  pay  the  wages  of  a  good  operator  for  a  week. 

1088.  The  case  sketched  in  Fig.  261,  moreover,  is  one  of 
those  where  the  whole  difficulty  in  handling  heavier  trains  may 
be  made  to  vanish  by  a  modification  of  the  system  of  dispatch- 
ing, to  the  effect  that  only  trains  going  down  grade,  or  say  east, 
shall  be  held  at  this  station  and  compelled  to  take  side  track 
(except,  of  course,  in  emergencies),  especially  if  there  be  another 
regular  station  near  to  it,  as  Y  or  y,  which  may  be  used  as  a 
passing  point,  by  holding  one  or  the  other  train,  in  case  it  is  im- 
possible for  the  eastward  train  to  reach  S  ox  S  first  It  is  not 
essential,  although  it  is  convenient,  that  a  dispatcher  should  feel 
at  liberty  to  hold  any  train,  bound  either  way,  at  any  station,  in 
the  regular  routine  of  business,  provided  that  to  do  so  interferes 
with  a  material  addition  to  the  train-load.  It  is  the  rule  and 
not  the  exception,  however,  that  he  can  and  does  do  so. 

1089.  The  decision  as  to  what  course  to  adopt  for  modifica- 
tions of  gradients  on  the  open  road  is  a  much  simpler  matter 
than  at  stations.  The  vital  point  to  be  determined  in  the  begin- 
ning, before  studying  the  details  of  the  various  difficult  points  at 
all,  is  what  rate  of  speed  is  practicable  and  allowable  at  the  foot 
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of  the  grade,  which  largely  depends  on  the  alignment.  The 
modern  tendency  is  very  decidedly  to  permit  of  higher  speed  in 
handling  freight  trains,  and  it  is  essential  to  do  so  at  points  to 
handle  the  maximum  train  on  all  undulating  gradients.  The 
probable  introduction  in  the  near  future  of  freight-train  brakes 
and  more  mechanical  coupling  devices  than  are  now  in  use  will, 
when  accomplished,  greatly  increase  the  admissible  maximum 
of  speed  for  equal  safety;  but  even  as  freight  equipment  stands 
at  present  it  is  probable  that  30  or  35  or  even  40  miles  per  hour, 
for  short  distances  at  special  points  (the  writer  must  not  be 
understood  to  recommend  the  latter  speed),  are  quite  as  safe  as 
50  to  65  miles  per  hourfor  passenger  trains.  It  has  been  tolerably 
well  determined  (par.  664  et  a/.)  that  higher  speeds  than  15  miles 
per  hour  are  more  economical  for  freight  trains;  and  the  not  un- 
common feeling  that  any  speed  of  over  15  or  20  miles  per  hour 
verges  on  the  dangerous  is  in  part  a  relic  of  the  old  days  of  iron 
rails,  poor  ballast  and  road-bed,  and  less  solidly  constructed  roll- 
ing-stock. 

1090.  Therefore,  when  required  for  reducing  virtual  gradients 
by  taking  a  "  run  at  them,"  as  part  of  a  general  system  of  im- 
provements, a  speed  of  30  miles  per  hour  (which  takes  31.95  ver- 
tical feet  out  of  the  depth  of  a  hollow;  Table  118)  should  be 
freely  permitted  and  counted  on,  with  fair  alignment;  and  with 
a  tangent  in  the  hollow  of  the  gradients  this  limit  may  in  gen- 
eral be  safely  increased  to  35  miles  (43.49  vertical  feet),  if  that 
speed  seems  essential.  These  speeds  and  even  higher  ones  are 
now  frequently  used  in  handling  freight  trains  on  many  lines. 
Whatever  the  limit  adopted,  however,  it  should  be  determined 
in  advance,  by  reference  to  the  records  obtained  as  already  de- 
scribed, and  especially  with  careful  consideration  as  to  whether 
the  assumed  speed  can  with  certainty  be  counted  on  as  attainable  at 
the  given  point.  Unless  there  be  a  descending  gradient  in  the 
approach  so  as  to  give  the  required  speed  quickly,  the  high  speeds 
mentioned  cannot  be  counted  on  safely. 

1091.  This  preliminary  being  determined  and  the  present  and 
desired  gradients  being  the  same  as  already  assumed,  viz.,  1*2 


CHAP,  XXIV. ^OLD  LINES— VIRTUAL  PROFILE, 


805 


1  and  0.45  desired,  Figs.  262  to  265  will  serve  as  types  of  all 

ases  which  can  arise  on  the  open  road.     In  Fig.  262  let  AB 

ong  i.o  per  cent  grade  with 

d   alignment  at  ^  so  that 

than  30  miles  per  hour  is 

leemed   safe  at  that  point, 

lat  or  even  higher  velocity 

;ilv   attainable.      With  the  Fio.  t^a. 

trains  heretofore  in  use  the  grade  has  not  been  a  difficult 

o  that  the  virtual  profile  obtained  in  observations  on  trains 

w  run  has  been  nearly  parallel  with  the  grade,  the  speed 

lower  at  £  and  higher  at  A  than  was  necessary.  It  is  de- 
to  determine  to  what  extent  (i.e.,  for  what  length)  such  a 

can  be  operated  as  a  virtual  0.5  gradient. 
92.  A  certain  speed  at  A^  not  less  than  10  miles  per  hour 

vertical  feet),  must  be  assumed,  as  a  margin  for  error, 
?r  there  be  a  station  at  A  or  not  (par.  1095).  Then  31.95  —  3.55 
4  vertical  feet,  as  the  maximum  through  which  momentum 
e  relied  on  to  lift  the  train.     Moreover,  the  actual  grade  i.o 

(assumed  virtual  grade)  =0.5  feet  per  station  as  the  defi- 

r  in  power  of  the  locomotive  which  must  be  made  up  by 

28  4 
jntum.    We  have  then  — ^  =  56.8  stations,  or  over  9  mile. 


Fig.  263. 


8  vertical  feet  of  rise,  as  the  length  of  this  grade  which  it 
isible  to  operate  in  this  manner.  If  the  grade  be  longer  or 
tr  than  this,  the  overplus,  but  the  overplus  only,  must  be 
out  by  new  construction,  either  by  raising  the  grade  at  B 
hat  is  better)  lowering  it  at  A,    If  the  grade  were  ten  stations 
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longer,  those  ten  stations,  but  those  only,  must  be  reduced  to 
0.5  actual  grade  in  one  or  the  other  of  the  methods  outlined  in 
Fig.  263.  If  the  change  be  made  at  the  bottom  of  the  hill,  as  at 
B^  we  shall  have  the  disadvantage  that  on  the  whole  of  the  new 
0.5  gradient  a  speed  of  30  miles  per  hour  must  be  maintained  to 
have  the  desired  effect.  As  this  may  be  or  may  seem  objection- 
able, the  modification  may  need  to  be  more  extensive  to  effect 
the  desired  end,  and  should  be,  wherever  possible. 

1093.  The  same  is  true,  in  less  degree,  of  the  change  at  the 
top.  The  train,  under  the  assumptions,  will  not  be  able  to  move 
faster  than  10  miles  per  hour  until  it  has  passed  entirely  over  it. 
Therefore  the  maximum  figures  for  the  gain  by  momentum 
should  be  used  only  for  determining  whether  or  not  any  modification 
of  the  grade  will  be  required.  If  it  is  even  then  found  necessar}*,  a 
more  liberal  margin  should  at  once  be  adopted,  if  attainable  at 
moderate  increase  of  cost,  as  it  generally  will  be. 

In  fact,  when  some  construction  in  any  case  has  been  once 
found  necessary  it  may  often  be  best  and  almost  as  cheap  to  take 
the  whole  hill  out  at  once  by  a  detour;  perhaps  making  the  new 
and  old  lines  together  serve  as  in  effect  a  double  track. 

1094.  It  is  to  be  remembered  in  considering  what  allowance 
it  is  safe  to  make  for  assistance  by  momentum,  that  in  many 
cases  an  error  in  the  estimate  of  the  possible  gain  from  that 
source  will  have  no  disastrous  consequences,  since  if  it  be  found 
that  the  assumed  speed  was  too  great  to  be  relied  on  it  is  pos- 
sible at  any  time  to  raise  the  grade  three  to  five  feet  in  the  hol- 
low, as  outlined  in  Fig.  264,  and  thus  materially  reduce  the  speed 

^<<;^, required.      To  do  this  is  in 

^^\^**T* 1^'^*'^  most  cases  a  comparatively 

^ — - — —^^  simple  matter,  since  the  fills 

^''^^^.^'^^^  need  not  be   very  long  to 

p,c.  aC4.  raise  the  hollow  between  two 

gradients  by  a  considerable  amount.  If  the  two  gradients  are  i 
per  cent,  the  total  length  of  the  fill  is  only  200  feet  per  foot  of 
lift ;  with  0.5  gradients,  400  feet  per  foot  of  lift;  and  with  1.5 
gradients,  133  feet  per  foot  of  lift,  etc.    To  make  fills  by  train  in 
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>uch  locations,  even  if  of  considerable  magnitude,  is  rarely  ex- 
>ensive,  and  it  can  be  done  at  any  time  when  found  convenient 
ind  essential.  Therefore,  when  it  is  seen  that  a  not  excessive 
ill  will,  if  made,  fulfil  all  necessities,  it  is  proper  to  rely  quite 
argely  on  momentum  for  the  time  being,  if  by  so  doing  the  fill 
ran  be  dispensed  with  for  a  time  at  least,  and  perhaps  forever. 

1095.  On  the  other  hand,  there  is  a  danger  connected  with 
;he  study  of  such  virtual  profiles,  which  has  been  alluded  to 
ibove,  but  which  should  be  still  more  explicitly  pointed  out. 
iVhen  the  question  whether  or  not  we  can  keep  within  a  certain 
nrtual  gradient  is  at  stake,  as  in  Fig.  265,  it  is  in  no  case  safe, 

;ven  when  there  is  a  station  at 

he  top  of  the  hill  at  A,  to  assume  A^^^'ttrrrVr.-.., 

hat  we  can  arrive  there  with  no  ^^^"^^    ***'^-^ 

velocity,  and   can   consequently  ^**v..^^   | 

ay  the  virtual  gradient   directly 

)n  the  actual.     It  seems  plausi-  ^^'  ^^' 

Die  that  we  can  do  this,  as  we  are  certain  that  we  shall  need  no 
velocity  at  A\  but  what  we  are  not  sure  of  is  of  never  falling 
jelow  the  desired  velocity  at  B,  and  if  we  do,  our  virtual 
gradient  is  at  once  increased.  If  we  assume  a  certain  moderate 
velocity  at  A,  say  10  miles  per  hour  (3.55  vertical  feet),  and  any 
naximum  velocity  deemed  reasonable  at  B,  as  in  cases  where  no 
itop  is  contemplated,  we  are  safe,  because  our  velocity  at  Bmay 
hen  fall  quite  a  little  below  that  assumed  without  endangering 
)ur  arriving  at  A  with  some  velocity,  so  as  to  float  the  train  over 
t;  but  if  we  assume  we  are  to  arrive  at  A  with  no  velocity,  sim- 
)ly  because  the  train  must  stop  there,  we  are  liable  not  to  reach 
here  at  all.  No  advantage  can  be  assumed,  therefore,  from  the 
act  of  a  stop  at  the  top  of  the  gradient  more  than  would  exist  if 
here  were  to  be  no  stop  there  at  all.  In  either  case  we  must  be 
;ure  of  reaching  the  top,  and  in  neither  case  is  it  important  to  be 
iure  of  more  than  that. 

1096.  The  temptation  may  be  great  to  fall  into  this  plausible 
irror,  when  an  estimate,  perhaps,  must  be  kept  very  close  to  have 
he  work  go  through  at  all,  and  when  there  may  be  an  expensive 
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bridge  at  B^  making  it  difficult  to  lift  up  the  grade  at  that  point; 
but  if  a  reasonable  velocity  at  B  and  some  velocity  at  A  will  not 
suffice,  there  is  nothing  for  it  but  either  to  raise  the  bridge, 
lower  the  station,  increase  the  distance  between  them,  or  give  up 
the  desired  virtual  maximum  as  unattainable. 

1097.  By  attacking  the  work  of  improving  old  lines  in  the 
method  here  outlined,  halving  the  more  formidable  and  inevi- 
table grades  at  once  by  using  a  pusher  on  them,  without  spend- 
ing a  dollar  on  them,  and  spending  all  our  money  on  what  were 
before  the  very  easy  grades,  and  hence  are  usually  in  light  work, 
the  average  train-load  may  be  doubled  at  small  cost  on  thousands 
of  miles  in  this  country  ;  whereas  by  merely  attacking  the  heav- 
iest grades  which  show  on  the  profile  with  force  and  arms,  so  to 
speak,  a  great  deal  of  money  must  be  spent,  and  there  will  be 
comparatively  little  to  show  for  it. 
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CHAPTER  XXV. 

GRADE-CROSSINGS   AND   INTERLOCKING. 

1098.  The  multiplication  of  grade-crossing^s  has  become  a 
great  and  serious  question,  especially  in  the  West.  The  topo- 
graphical conditions  in  the  East  greatly  restrict  the  danger  from 
such  crossings,  as  well  as  their  frequency;  but  throughout  vast 
regions  of  the  West  there  is  absolutely  nothing  to  prevent  a 
railway  being  built  from  anywhere  to  anywhere  in  very  nearly 
an  air-line  by  accepting  "  moderate"  grades  of  40  to  80  ft.  per 
mile.  As  a  consequence,  many  important  lines  have  little  or  no 
assurance  that  crossings  may  not  be  demanded  of  them  sooner 
or  later  on  any  single  mile  of  their  track,  and  it  becomes  of  great 
importance  to  determine  how  strenuously  they  should  oppose 
such'  crossings,  what  expense  they  may  and  should  incur  to 
avoid  them,  and  what  can  be  done  to  reduce  their  disadvantages 
to  a  minimum  when  unavoidable. 

The  problem  has  been  greatly  simplified  in  recent  years  by 
the  fact  that  the  disadvantages  of  grade-crossings  may  be  largely 
diminished,  and  sometimes  almost  destroyed,  by  the  use  of  inter- 
locking apparatus,  as  we  have  seen  in  par.  1086  and  elsewhere; 
but  while  there  were  in  1885  some  60  railways  in  the  United 
States  using  interlocking  more  or  less,  the  total  amount  in  use 
was  considerably  less  than  on  the  London  &  Northwestern 
alone. 

1099.  There  are  18  different  sizes  of  standard  signal-cabins  on  the  Londoa 
&  Northwestern  Railway,  which  are  : 

A.  5   levers,    6    X   6  ft.  D.  20  levers,  16  ft.  2^  in.  X  12  ft 

B.  10       "         9    X    9  ft.  (and  so  on  to—) 

C.  15       "        I3i  X  12  ft.  T.  180  levers,  96  ft.  6  in.  X  12  ft 

The  usual  rule  being  that  the  cabins  are  all  12  ft.  wide  and  are  6  in.  long  per 
lever,  plus  about  6^  ft.     There  are  1344  of  these  cabins  on  1753  pities  of  road, 
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containing  26,500  levers.  The  annual  average  cost  for  maintenance  is  |iS7,ooo. 
which,  divided  by  the  number  of  levers  in  use  on  the  line,  comes  to  $7.07  per 
lever.  This  amount  includes  not  only  the  renewal  and  repairs  of  the  locking 
apparatus,  but  that  of  the  signal-cabins,  signals,  and  all  subsidiary  apparatus, 
and  also  the  cost  of  providing  any  new  and  additional  apparatus,  when  under 
$50.  The  amount  of  work  to  be  maintained  has  increased  80  per  cent  since 
the  year  1874,  while  the  cost  of  maintenance  has  only  increased  5^  per  cent 

In  the  whole  United  States  there  are,  of  all  systems  (1885),  somewhat  less 
than  250  cabins  and  3000  levers,  or  but  about  one  fifth  as  many  cabins  and 
about  one  ninth  as  many  levers  as  are  in  use  on  the  London  &  Northwestern 
alone. 

1100.  In  England  there  are  practically  nb  grade-crossings 
of  railways,  and  this  apparatus  is  used  chiefly  for  yards  and 
junctions.  In  America  there  are  a  great  many  grade-crossings, 
even  on  important  lines;  but  the  clumsy  and  costly  precaution 
of  a  full  stop  of  every  train  at  every  crossing  is  still  the  rule,  al- 
though it  cai\  hardly  be  that  such  an  absurd  relic  of  barbarism 
will  linger  much  longer,  now  that  there  is  a  considerable  and 
increasing  number  of  grade-crossings  operated  without  a  stop 
by  the  aid  of  interlocking  apparatus,  and  always  with  perfect 
safety  and  success. 

1101.  In  part,  the  slow  progress  in  this  matter  is  easily  ex- 
plained. The  great  loss  and  delay  from  grade-crossing  stops 
goes  on  quietly  and  silently,  sapping  the  life-blood  of  the  com- 
pany, as  do  the  consequences  of  bad  location  (page  2),  without 
interfering  much  with  the  routine  of  operation,  and  at  points 
removed  from  the  managing  officers'  immediate  observation, 
whereas  the  difficulties  at  yards  obtrude  themselves  on  atten- 
tion, and  many  of  the  most  crowded  yards  have  passed  the  limit 
of  their  capacity  without  some  such  mechanical  aid. 

1102.  Nevertheless,  from  an  economical  point  of  view,  abol- 
ishing the  stop  at  grade-crossings  is  by  far  the  most  important, 
especially  when,  as  is  so  frequently  the  case,  they  reduce  the  num- 
ber of  cars  hauled  below  what  it  otherwise  would  be.  To  reach 
this  conclusion  we  need  not  adopt  any  of  the  wild  estimates 
which  give  the  cost  of  a  stop  at  anywhere  from  a  dollar  up. 
Without  going  elaborately  into  the  details  of  the  estimate,  to 
discuss  which  properly  by  items  would  take  considerable  space, 
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from  30  to  60  cents  may  fairly  be  taken  as  the  cost  of  a  stop, 
apart  from  all  effect  on  length  of  trains.  An  estimate  of  40  cts. 
per  stop  for  average  trains  on  lines  doing  considerable  through 
business  can  hardly  be  considered  excessive,  and  at  this  rate  the 
cost  per  year  of  each  train  per  day  stopping  at  the  crossings  is 
365  X  40  =  $146  per  year.  If  therefore  there  is  an  average  of 
ten  trains  per  day  each  way  for  each  of  the  roads  which  cross 
(and  the  average  at  grade-crossings  would  probably  be  more 
rather  than  less  than  this),  we  have  $146  X  10X2X2=  $5840 
as  the  annual  loss  to  both  roads  from  the  fact  of  the  existence  of 
this  crossing. 

1103.  The  cost  of  saving  this  loss  by  constructing  a  new  line 
or  by  interlocking,  will  vary  more  or  less  with  the  locality  and 
in  less  degree  with  the  system  of  interlocking  adopted  ;  but  the 
variation  in  the  latter  respect  is  not  important,  and  the  outside 
limit  for  a  complete  system  of  interlocking  switches  and  signals 
for  either  single  or  double  track  (it  makes  little  difference 
which),  by  one  system  of  approved  excellence  may  be  stated  to 
be  from  $2500  to  $4000,  averaging  $3000.  This  includes  eight 
signals  (four  "  home"  or  near  signals,  and  four  distant  signals, 
two  for  each  track),  four  derailing  switches,  one  for  each  track, 
which  throw  the  train  off  onto  a  graded  road-bed  (having  no 
rails  and  ties  for  only  a  short  way),  if  the  signal  be  carelessly  run 
by,  and  (for  a  separate  sum  of  $400),  electric  locking  apparatus 
which  renders  it  impossible  to  change  the  signals  after  a  train 
has  once  passed  the  first  distant  signal  until  it  is  over  the  cross- 
ing.     The  cost  of  the  building  and  of  erection  is    included  in 

the  above. 

One  man  only  is  required  to  attend  to  the  signals,  as  is  re- 
quired without  interlocking,  and  his  wages  need  be  little  if  any 
higher,  so  that  this  item  may  be  considered  unaffected. 

1104.  Even  with  the  lightest  ordinary  traffic,  therefore,  the 
lowest  reasonable  estimated  cost  of  stop,  and  the  highest  prob- 
able rate  of  interest,  the  sum  saved  annually  is  far  more  than 
enough  to  cover  the  additional  expense  of  thoroughly  protecting  a  grade- 
crossing   so  that  no  stop  need  be  made,  without  considering   the 
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greater  safety  and  convenience.  At  more  important  crossings 
it  would  be  hard  to  find  a  clearer  case  of  an  expedient  improve- 
ment, even  if  the  stops  do  not  cut  down  the  length  of  train. 

1109.  If  the  lengtli  of  train  is  cut  down,  so  as  to  take,  say, 
21  instead  of  20  trains  per  day  to  handle  the  traffic,  the  very 
lowest  cost  for  which  the  extra  train  can  be  run  is  (Table  176) 
35  to  40  cents  per  train- mile  (for  an  average  cost  of  70  to  80 
cents),  or  say  $38  for  a  trip  of  100  miles,  amounting  to  $13,870  per 
annum,  or  $693.50  for  each  of  the  20  trains,  or  $1.90  per  stop  (if 
only  one  stop  causes  the  decrease  of  train-load)  in  addition  to 
THE  DIRECT  COST  of  the  stop.  In  such  cases,  of  which  there  are 
many,  it  is  culpable  folly  to  delay  availing  one's  self  of  so  cheap 
and  easy  a  remedy  for  such  losses  as  interlocking  affords,  if  the 
conditions  are  not  favorable  for  the  still  better  and  in  the  end 
often  cheaper  remedy,  an  over-  or  under-crossing. 

1106.  A  fact  which  explains  rather  than  excuses  the  prevail- 
ing negligence  in  this  matter  is  this, — that  the  protection  of 
grade-crossings  requires  the  joint  action  of  two  roads,  usually 
under  different  and  often  under  antagonistic  management,  and 
it  requires  no  little  negotiation,  and  a  conciliatory  spirit  on  both 
sides,  to  arrange  the  details  of  the  distribution  of  the  expense. 

It  can  hardly  be  doubted  that  this  difficulty  is  a  serious  one, 
and  it  is  largely  the  fault  of  the  laws  which  authorize  the  use  of 
interlocking  as  a  substitute  for  stops.  By  some  singular  over- 
sight, all  these  laws  as  yet  passed  (1886)  authorize  roads  to 
"agree"  on  putting  in  interlocking,  but  do  not  provide  a  way  by 
which  one  road,  anxious  to  act  under  the  law,  can  compel  an- 
other road  to  accept  a  reasonable  settlement  by  arbitration  or 
otherwise,  unless  it  chooses  to. 

1107i  The  provisions  of  the  State  laws  as  to  dispensing  with  crossing  stops 
may  be  briefly  summarized  as  follows  : 

The  Massachusetts  law  passed  in  1882,  after  somewhat  urgent  recommen 
dations  by  its  Commission,  which  were  at  the  time  regarded  by  many  as  some- 
what heretical  (because  the  public  knowledge  of  interlocking  was  much  less  tben 
than  it  is  now,  even  among  railroad  men),  provides  that  "The  approval  of  the 
Board  shall  be  required  for  a  system  of  signals  to  be  established  and  main' 
tained  in  concert"  by  railroads  which  cross  each  other,  but  that  a  full  stop  shal^ 


CHAP.  XXV,-'GRADE-CROSSINGS  AND  INTERLOCKING,     SlJ 

A  be  dispensed  with  "  unless  a  system  of  interlocking  or  of  automatic  signals^ 
'proved  in  writing  by  the  Board,  is  adopted  by  both  corporations.** 

Ohio,  at  almost  the  same  time,  provided  by  law  that  ''any  works  or  fix* 
res"  approved  by  the  Commissioner  of  Railroads  and  Telegraphs  as  render- 
g  it  safe  to  dispense  with  stops,  plans  having  been  filed  with  him,  shall 
spense  with  the  necessity  of  a  stop;  and  if  the  Commissioner  shall  fail  to 
►prove  the  plan  within  twenty  days,  ''such  companies"  may  apply  to  the  Court 

Common  Pleas,  where  appropriate  action  will  be  held.  This  enactment 
ems  to  require  not  only  that  both  companies  shall  consent  passively,  but 
at  they  shall  unite  in  active  legal  proceedings  to  avert  a  decision  which  might 
:  not  unwelcome  to  one  of  them. 

Michigan  (1883)  passed  first  a  very  absurd  enactment  that  "authority  is 
:reby  given  to  said  Commissioner,  and  it  shall  be  his  duty,  if  he  shall  deem  it 
acticable,  to  prescribe  the  use  of  the  interlocking  switch  and  signal  system, 
ovided  that  at  crossings  where  all  trains  come  to  a  full  stop  no  other  system 
an  that  requiring  such  stop  shall  be  prescribed." 

The  absurdity  of  thus  cutting  ofif  one  of  the  chief  advantages  of  interlocking 
j^nals  struck  the  Legislature  almost  immec^iately,  however,  and  another  act  of 
e  same  session  provided  that  "whenever  there  shall  be  adopted  and  used  at 
ly  such  crossing  an  interlocking  switch  and  signal  system,  or  other  device,"^ 
tiich  the  Commissioner  thinks  makes  it  safe  to  dispense  with  a  stop,  he  may 
ithorize  it  in  writing,  with  any  regulations  as  to  speed  or  other  matters  which 
:  deems  necessary,  and  with  power  to  revoke  his  action. 

In  the  strict  letter  of  these  laws,  the  Commissioner  may  prescribe  automatic 
|rnals  without  dispensing  with  a  stop,  but  can  only  authorize  the  stop  after  the 
>paratus  is  adopted  and  in  use.  Neither  is  he — what  is  a  more  serious  matter 
•given  any  specific  power  to  say  what  part  of  the  expense  each  of  the  twa 
tmpanies  concerned  shall  bear.  These  provisions  come  the  nearest,  however, 
those  of  any  State  to  providing  means  by  which  one  railway  which  is  anxious 
escape  from  the  burden  of  stopping  at  a  crossing  can  compel  the  other  bene- 
:iary  to  bear  its  fair  share  of  the  cost. 

The  Indiana  law  (1883)  is  merely  permissive,  authorizing  the  Auditor  of 
ate  to  approve  interlocking  or  automatic  signals  at  crossings,  from  plans 
bmitted  by  ''two  or  more  railroads,"  which  have  erected  or  are  about  to  erect 
em.  and  thereafter  to  authorize  the  omission  of  stops.  It  is  specifically  pro- 
ded  that  such  signals  shall  not  be  "used  or  put  in"  at  any  crossing  "  to  the 
ftriment  of  any  other  railroad  company,"  unless  with  the  consent  of  that  com- 
my  in  writing.  Under  this  provision,  the  manager  who  wishes  to  dispense 
ith  twenty  different  crossings  must  first  undertake  the  interesting  task  of 
;rsuading  twenty  different  companies  that  it  will  not  be  **  to  their  detriment" 
do  so. 

The  New  York  law  (1884)  provides  that  the  requirement  of  a  full  stop  may 
:  dispensed  with  whenever  the  Board  of  Commissioners  "decide  it  to  be 
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impracticable"  or  where  "interlocking  switch  and  signal  apparatns  is  adopted 
and  put  in  use  by  the  railroads  there  crossing  each  other  at  a  level/*  of  a  fonn 
approved  by  the  Board. 

Illinois  passed  through  one  house  in  iSS6  an  act  essentially  similar  to  that 
of  New  York,  which  was  expected  to  become  a  law  at  the  following  session. 

1108.  It  is  easy  to  see  how,  under  any  of  these  laws,  a  manager  attempting 
in  good  faith  to  benefit  his  company  and  benefit  the  roads  crossing  and  the 
public  as  well,  by  perfectly  fair  and  equitable  arrangements  for  dispensing  with 
stops  at  crossings,  might  find  it  an  irritating  and  almost  hopeless  task,  and 
mi^ht  feel  compelled  to  give  it  all  up  in  disgust  before  he  had  fairly  begun. 

The  difficulty  of  agreement  is  precisely  the  same  as  would  exist  in  cities  is 
respects  party-walls,  without  the  law  which  authorizes  any  man  to  build  half  his 
wall  on  his  neighbor's  land  and  compel  his  neighbor  to  pay  for  it  when  he  uses 
it.  The  equities,  and  the  great  advantage  to  both  sides,  are  here  exceedingly 
clear,  yet  how  often  would  it  be  impossible  to  arrange  the  matter  if  it  could 
only  be  done  by  mutual  consent  and  agreement  in  each  case? 

The  case  is  worse  with  crossings  because  they  are  very  frequently  to 
situated  that  the  joint  consent  of  three  or  four  lines  is  necessary  for  any  action, 
and  in  still  more  instances  a  great  part  of  the  advantage  to  be  realized  from 
dispensing  with  any  one  crossing  can  only  be  obtained  by  dispensing  with  a 
scries  of  perhaps  a  dozen. 

1109.  To  require  that  grade-crossings  should  never  be  per- 
mitted would  unquestionably  be  going  too  far,  especially  now 
that  interlocking  apparatus  has  been  invented  and  perfected;  but 
the  unrestricted  freedom  with  which,  in  most  of  the  States, grade- 
cr()ssini2:s  can  be  forced  over  any  line  at  almost  any  point,  regard- 
less of  the  injury  inflicted,  is  an  unfortunate  and  shameful  state 
of  thinu^s.  which  pressingly  requires  correction,  and  which  per- 
haps miixht  n^adily  be  corrected  if  the  older  and  more  important 
railways  would  make  a  united  effort  to  secure  reasonable  and 
proper  restrictions.  Unfortunately  they  overreach  themselves  by 
askinij  far  too  much. 

1110.  The   theory  of  the  present  laws  is  a  very  simple  one; 

stHTicthinij  like  this  : 

1.  '•  Railways  are  a  supreme  public  necessity,  and  no  private 
iiucrest  or  ownership  shall  he  allowed  to  stand  in  thcwavof 
tiu'ir  cheap  and  easy  Cv»nslruction. 

2.  •' Wiien  two  railways  want  the  same  spot  of  ground  they 
>"::.i'.l  occupy  it  in  common." 


CHAP,  XXV.—GRADE-CROSSINGS  AND  INTERLOCKING,    815 

Unfortunately,  like  most  short  and  easy  cuts  to  justice,  it  is 
unequal  and  unfair  in  practice. 

The  theory  of  the  great  existing  railways  is  equally  simple, 
and  would,  if  it  were  allowed  to  prevail  in  practice,  be  equally 
unfair : 

1.  "  Our  railway  is  a  much  greater  public  benefit  than  these 
other  new  projects,  and  we  have  bought  and  paid  for  our  prop- 
erty. 

2.  "If  they  want  to  pass  over  our  property  they  must  keep 
out  of  our  way." 

1111.  This  preposterous  attitude — from  corporations  whose 
very  existence  was  made  possible  only  by  the  exercise  of  the 
supreme  power  of  the  State,  and  whose  very  nature  is  to  per- 
form one  of  the  duties  of  the  State  to  the  public — is  all  but 
universally  assumed  by  established  corporations  in  discussions 
of  crossing  cases ;  except  in  those  cases  when  they  wish  to  build 
branches  or  sidings  over  a  rival's  road.  They  are  very  quick  to 
point  out  that  some  new  line  can  build  an  over-crossing  for  less 
money  than  they  lose  by  a  grade-crossing,  but  they  rarely  offer 
to  pay  a  reasonable  proportion  of  the  extra  cost  of  the  course 
they  desire.  Even  when  they  do  so,  there  being  no  recognized 
tribunal  to  decide  the  matter,  they  will  higgle  and  chaffer  over 
the  amount  to  be  paid  till  the  whole  negotiation  goes  for  naught 

1112.  The  solution  of  the  whole  matter  seems  comparatively 
simple.  The  law  very  properly  takes  the  position  that  mere 
priority  of  construction  shall  be  allowed  little  or  no  weight.  All 
railways  alike  are  supposed  to  be  of  pressing  necessity  to  a  cer- 
tain number  of  people — many  or  few,  as  the  case  may  be;  and 
the  necessities  of  even  a  very  few  are  given  greater  weight  than 
a  loss  and  inconvenience  which  is  comparatively  trifling  to  each 
individual  affected,  and  can  only  become  very  large  when  dis- 
tributed among  a  large  number  of  people.  This  is  right  and 
proper  as  far  as  it  goes,  but  the  law  should  also  take  this  further 
precaution  :  without  paying  any  attention  to  the  vested  interests 
concerned,  as  such,  it  should  endeavor  to  enforce  that  course 
which  is  for  the  best  interest  of  the  community  as  a  whole ^  and  which 
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involves  the  least  aggregate  waste  of  human  labor  and  property;. 
and  it  should  endeavor  to  distribute  the  cost  of  so  doing  as 
nearly  as  may  be  in  proportion  to  benefits  derived,  and  in  such 
manner  that  each  party  shall  be  benefited,  by  taking  what  is 
abstractly  the  proper  course.  All  this  might  be  obtained  by 
something  like  the  following  simple  provisions  : 

1113.  I.  Every  railway  hereafter  attempting  to  cross  another 
at  grade  shall  be  obliged  to  erect  and  pay  for  a  system  of  inter- 
locking signals,  to  be  thereafter  maintained  at  the  joint  expense 
of  the  two  roads,  unless  it  shall  appear  that  less  than  twenty 
trains  per  day  pass  the  crossing. 

2.  Any  railway  may  at  any  time  erect  interlocking  apparatus 
at  any  grade-crossing,  and  half  the  cost  of  erection  and  subse- 
quent  maintenance  shall  be  chargeable  to  the  other  party  con- 
cerned, with  certain  provisions  for  exceptional  cases ;  and  also 
provided — 

3.  Either  party  wishing  to  avoid  a  grade  crossing  should  be 
at  liberty  to  locate  an  over-  or  under-crossing  on  unobjectionable 
gradients,  and  to  demand  the  appointment  of  arbitrators  in  the 
usual  manner.  It  should  be  the  duty  of  these  arbitrators,  yfri/,  to 
determine  that  the  grades  and  alignment  of  the  new  line  are  of  a 
suitable  and  appropriate  character,  or  to  make  them  such; 
secondly,  to  determine  the  excess  in  cost,  if  any,  of  the  over-cross- 
ing over  the  grade-crossing;  and,  thirdly^  to  assess  this  difference 
in  cost  upon  the  two  lines  in  proportion  to  the  benefit  to  each  of 
avoiding  a  grade-crossing. 

1114.  These  three  provisions  seem  calculated  to  accomplish 
what  every  good  law  ought  to  accomplish.  They  would  make 
it  for  the  interest  of  both  parties  to  take  that  course  which  would 
be  best  for  their  joint  interest,  if  they  were  one  corporation. 
Thus,  supposing  a  new  road  which  will  run  say  five  trains  a  day 
wishes  to  cross  a  trunk  line  running  50  trains  a  day.  The  actual 
loss  to  the  community  of  a  grade-crossing  at  such  a  place  is  the 
cost  of  stopping  55  trains  a  day,  and  no  one  has  a  right  to  en- 
force such  a  loss  upon  others  to  save  an  investment  of  a  few 
thousand  dollars.     On  the  other  hand,  if  the  new  project  wanted 
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another  minor  line  like  itself,  running,  say,  five  trains  a 
her  road  would  be  likely  to  move  for  an  over-crossing, 
aps  even  for  interlocking  signals;  nor  is  it  for  the  interest 
mmunity,  considered  as  a  whole,  that  they  should  do  so. 
true  at  all  that  every  element  of  danger  must  be  wholly 
id  before  any  saving  of  expense,  however  great,  is  per- 
but  that  methods  which  are  at  once  more  dangerous 
e  costly  should  have  continued  in  such  wide  and  all  but 
I  use  so  long  will  seem  in  later  years  a  strange  comment 
vilization. 


'  f 
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CHAPTER   XXVI. 

TERMINALS. 

1115.  Terminal  facilities,  or  the  lack  of  them,  have  so  many 
times  been  a  leading  factor  in  the  success  or  failure  of  railways, 
and  are  in  all  cases  so  important  a  factor,  that  it  seems  desirable 
to  show  more  fully  than  has  been  yet  done  how  great  a  part  they 
are  of  the  investment  in  and  the  expenses  of  prosperous  lines, 
and  hence  how  dangerous  it  is  for  a  new  line  to  neglect  ample 
provisions  for  them.  This  perhaps  can  be  best  accomplished  in 
a  small  space  by  presenting  some  details  as  to  the  terminal  facil* 
ities  at  a  few  great  traffic  points. 

1116.  Table  202  gives  an  unofficial  approximate  estimate,  com- 
piled  by  Gratz  Mordecai,  C.E.,  of  the  actual  capital  represented 
in  the  terminal  work  of  moving  and  handling  freight  by  the 
trunk-line  railroads  at  the  port  of  New  York.  It  includes  the 
work  of  handling  coal  on  the  Delaware,  Lackawanna  &  Western 
Railroad,  but  on  no  other,  and  only  includes  a  small  part  of  the 
expenses  of  handling  and  lighterage  of  grain,  oil,  and  live-stocky 
and  none  of  the  expenses  of  clerical  work  and  management  on 
any  of  the  roads.     It  may  be  summarized  thus  : 

Estimated  Cost  of  New  York  Terminal  Facilities, 

Capital     Cost       P.  C. 

sum,        per  of 

millions,     year.      lotaL 

200  miles  track ®  |io,ooo       2.0       o.ia         S.9 

378  acres  yards (^    52,000     20.0 

2.2  millions  sq.  ft.  piers @        1. 00       2.2 

2.0  millions  sq.  ft.  Hoor  area (^        o.oo       1.6 

0.89  millions  sq.  ft.  N.  Y.  city  stations (^        6.00       5.4 

69  yard  engines  (cost) @      8,700       0.6 

44  propellers  (cost) @    25,000       1. 1 

230  lijijhters  (cost) @      9,000       2.1 

Total  investment  charges 35.0       2.1         58.$ 

4.700  cmpioy6s (^$2  per  day  47.0       2.8a      51.6 

450  tons  coal  per  day ^%^  9-0       0.54        9.9 

Total 91.0       5.46     loao 
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The  only  direct  return  received  from  the  merchants  by  these 
railways  for  this  work,  the  plant  of  which  represents  an  aggre- 
gate capital  of  at  least  $35,000,000,  and  the  power  and  force  em- 
ployed an  annual  expenditure  of  at  least  $3,500,000,  are  the 
charges  collected  for  long-distance  lighterage.  There  is,  how- 
ever,  a  considerable  fixed  terminal  charge  of  five  cents  per  cwt., 
more  or  less,  which  is  credited  to  the  terminal  road  before  the 
division  of  rates  is  made  according  to  distance  (par.  210),  so  that 
the  roads  terminating  at  New  York  are,  perhaps,  less  burdened 
than  the  average  by  the  terminal  expenses.  Assuming  6  percent 
interest,  this  estimate  shows  a  total  annual  expense  of  $5,500,000, 
and  taking  into  account  clerk  hire,  management,  repairs,  taxes, 
light,  stationery,  insurance,  and  all  other  expenses,  the  total  is 
probably  not  far  from  $10,000,000,  or  an  average  burden  on  each 
road  of  $2,000,000  every  year. 

1117t  If  we  include  the  terminal  expenses  paid  by  the  indi- 
vidual shippers,  as  well  as  by  the  railways,  the  above  totals,  large 
as  they  are,  sink  into  insignificance.  It  was  estimated  in  1875 
by  a  committee  of  the  American  Society  of  Civil  Engineers  that 
on  some  4,632,000  tons  of  the  freight  delivered  at  New  York  the 
total  terminal  expenses  were  $3.07  per  ton,  or  about  three  fifths 
of  the  then  rate  (25  cts.  per  100  lbs.)  from  Chicago  to  New  York. 
The  total  receipts  at  New  York  in  that  year  were  about  15,000,000 
tons  of  all  kinds  of  freight,  and  on  half  of  this  the  cartage  charge 
alone  was  estimated  at  $1.60  per  ton. 

Inasmuch  as  so  much  more  for  cartage  means  so  much  less 
available  for  freight  rates,  and  vice  versa^  on  a  large  proportion 
of  the  freight,  and  more  or  less  so  on  all  of  it  (par.  47),  we  have 
in  these  figures  some  indication  of  how  serious  a  deduction  the 
total  terminal  expenses  must  make  from  the  amount  available 
for  railroad  transportation  proper,  and  how  important  it  is  to 
have  terminal  facilities  of  the  best.  New  York,  however,  is  a 
true  terminal,  in  the  strict  sense  of  the  word.  Some  of  the  ter- 
minal points,  which  are  really  only  yards  of  interchange,  are  of 
even  greater  magnitude,  if  not  cost.  Lest  the  great  error  be 
fallen  into  of  assuming  that  the  terminal  facilities  at  New  York 
are  as  much  greater  than  those  at  other  cities,  as  New  York  is 
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greater  in  population,  some  notes  may  be  added  as  to  what  is 
really  only  the  largest  of  many  examples  of  interior  yards — those 
at  Buffalo,  N.  Y.  So  far  from  there  being  anything  exceptional 
in  the  New  York  terminals,  they  are  probably  smaller  in  extent 
and  cost  per  head  of  population  than  at  most  important  termi- 
nals, and  vastly  smaller  than  at  a  number  of  them. 

1118,  The  statistics  presented  in  Table  203  of  the  yards  in  Buf- 
falo leave  no  reasonable  doubt  that,  of  its  kind,  it  is  the  greatest 
in  the  world.  How  much  of  this  abnormal  magnitude  is  the 
healthy  and  natural  result  of  peculiar  traffic  conditions,  and  how 
much  of  it  is  mere  fungous  growth  from  diseases  of  management 
whose  existence  is  universally  felt,  it  would  be  useless  to  inquire 
here,  because  as  things  are  it  is  all  necessary,  and  there  is  no  im- 
mediate evidence  of  any  probable  change.  The  headings  to  Ta- 
ble 203,  in  which  fourteen  different  kinds  of  side  tracks  are  spe- 
cified, will  at  once  explain  in  part  why  so  much  of  some  of  them 
is  necessary.  In  the  aggregate  there  is  a  total  of  some  300  miles 
of  side  track  within  an  area  of  some  eight  square  miles  (about  i^ 
by  5^  miles,  5.63  square  miles  being  actually  owned  by  the  rail- 
ways within  the  city  limits),  which  it  is  expected  to  increase  in 
the  near  future  to  some  450  to  500  miles,  mostly  by  accessions  to 
the  trackage  of  the  newer  lines  entering  Buffalo,  and  required  by 
them — as  will  be  seen  by  the  detailed  table — to  arfford  to  them  no 
greater  facilities  than  the  older  lines  already  enjoy.  The  lease 
of  the  West  Shore  to  the  New  York  Central  saved,  it  is  estimated 
(somewhat  liberally,  it  would  appear),  the  construction  of  as 
much  as  50  miles  of  track  which  would  otherwise  have  been  ne- 
cessary, but,  barring  that,  there  is — 

4 M  ilet.         » 

Single  track. 
Tracks  of  all  kinds  in  city  limits  of  Buffalo  or  immediately  ad- 
jacent thereto 436.1 

And  to  be  laid  by  the  new  roads  (chiefly)  now  imperfectly  sup- 
plied   176.0      6ii.i 

Of  this  there  is  main  track,  including  three  double-track  lines 
swinging  around  the  city  to  a  connection  with  the  Interna- 
tional Bridge I55«I 

And  projected  (minor  extensions) 5.7       160.8 

Leaving  as  side  track 45l>3 
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01  the  main  track  a  considerable  portion  is  only  nominally  main 
track,  but  really  more  in  the  nature  of  track  for  yard  use 
only,  which  may  be  estimated  as  at  least 50.0        50.0 

(Main.)  (Side.) 
Leaving  as  the  true  proportions  of  main  track  and  side  track,  ac- 
tual and  projected 1 10.8  501.3 

Of  which  there  was  laid,  October,  1884 109.3  326.8 

An  d  projected,  a  considerable  fraction  of  which  has  since  been 

constructed 1.5  174.5 

1119.  If  we  compare  this  with  the  figures  for  the  yards  of  New 
York  City,  as  given  in  Table  202,  we  shall  have  a  better  idea 
of  the  magnitude  of  the  Buffalo  yards.  The  total  miles  of  track, 
main  line  and  sidings,  at  the  two  points  compare  as  follows  : 

New  York  Buffalo 

yards.  yards. 

New  York  Central 28  157 

Erie 49  116 

Lackawanna 50  63 

West  Shore  (and  Ont.  &  West.) 34  23 

Pennsylvania 39 

Other  roads 77 

Total 200         436 

It  will  be  seen  that,  with  all  the  immense  traffic  of  New  York, 
there  is  less  than  half  as  much  track  at  New  York  as  at  Buffalo. 
In  the  yards  of  Boston  there  are  150  miles  of  side  track,  on  568 
acres,  with  26  acres  of  buildings;  the  total  side  track  on  all  the 
nine  roads  centring  there  being  765  miles  for  a  total  of  814  miles 
of  main  line. 

1120.  The  New  York  tracks  are  also  different  from  those  at 
Buffalo  in  not  being  all  bunched  together,  so  as  to  be  in  fact,  if 
not  in  form,  one  vast  yard,  whose  different  parts  are  constantly 
interchanging  business  with  each  other.  The  New  York  yards 
are  miles  apart  from  each  other,  and  have  comparatively  the 
most  insignificant  interchange  relations.  Most  of  them,  in  fact, 
could  be  most  fairly  compared  with  the  thirteenth  class  of  Buffalo 
side  tracks,  those  for  "local  city  freight"  alone,  of  which  there 
are  in  Buffalo  2of  miles,  with  as  much  more  projected  ;  for,  al- 
though there  is  a  very  large — in  fact  immense— coal,  steamer, 
and  stock-yard  traffic  at  New  York,  as  well  as  the  usual  shop 
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and  coaling  tracks,  yet  the  business  of  New  York  is  carried  on 
under  such  different  conditions  from  that  at  Bufifalo  that  the 
same  traffic  requires,  as  is  apparent  from  the  figures,  several 
times  less  track  room.  For  example,  there  are  39  miles  of  shop 
and  coaling  track  at  Bufifalo,  and  35  miles  more  projected,  of 
which  the  New  York  Central  and  the  Erie  have  each  some  13 
miles,  which  (without  being  able  to  present  the  exact  figures)  is 
undoubtedly  several  times  greater  than  the  same  roads  have  for 
the  same  purposes  at  New  York,  the  reason  being  that  sick  and 
wounded  cars  from  all  over  the  continent  tend  to  accumulate  at 
Bufifalo,  while  they  are  kept  away  from  New  York  so  far  as  pos- 
sible. The  same  contrast  is  visible  in  the  16  miles  of  transfer 
tracks  at  Bufifalo,  which  it  is  proposed  to  double  ;  and  the  enor- 
mous aggregate  of  87  miles  for  the  direct  use  of  trains  from  the 
East  and  West  and  Canada,  and  for  distributing  West-bound 
freight  (columns  3,  4,  5,  6,  7,  Table  203),  to  which  it  is  proposed 
to  add  over  40  miles  more,  mostly  by  the  newer  roads,  is  in 
itself  something  for  which  there  is  no  very  exact  parallel  in  New 
York,  either  in  quantity  or  quality,  although,  of  course,  the 
mileage  devoted  to  similar  uses  is  very  greau 

1121.  The  same  contrast  exists  to  an  even  larger  extent  in  the 
areas  of  land  occupied  in  the  two  cities,  which  compare  as  fol- 
lows : 

In  New  York,  land 378  acres. 

piers 5    '* 

383  acres. 
In  Bufi[alo,  land 3«6oo  acres. 

Land   in  Bufifalo   is,  of  course,  a  very  different  and  much 
cheaper  thing  than  land  in  New  York,  and  this  area,  moreover, 
includes  several  hundred  acres  of  what  is  more  properly  main- 
line right  of  way,  not  properly  chargeable  to  yards.     But  aftet 
making  all  allowances  in  this  respect,  the  immense  proportion' 
ate  magnitude  of  the  Bufifalo  yard,  due  to  the  nature  rather  tha<^ 
to  the  absolute  volume  of  the  business  transacted,  which  mak^- 
Buffalo  a  point  where  innumerable  side  tracks  naturally  accumi^ 
late,  is  clearlv  indicated. 
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1122.  While  Buffalo  seems  to  be  far  ahead  of  any  other  one 
poinf  in  its  yard  facilities  proper,  yet  that  it  is  only  the  leading 
example  of  a  general  tendency  may  be  indicated  by  the  figures 
given  in  Table  204  of  the  total  side-track  mileage  of  the  roads 
-entering  there,  which  well  illustrate  the  immense  aggregates  of 
side  track  which  even  ordinary  yard  demands  produce.  There 
-seems  to  be  what  might  almost  be  called  a  rude  law,  that  trunk 
lines  proper,  as  distinguished  from  roads  of  the  next  grade 
below,  will  have  at  least  as  much  side  track  as  the  length  of 
their  main  line.  Thus,  the  Boston  &  Albany,  in  addition  to 
being  somewhat  more  than  double-tracked,  has  almost  exactly 
this  amount  of  sidings,  viz.,  203.2  miles  against  201.6  miles  of 
main  line.  Exceptions,  no  doubt,  exist;  but  Table  204  indicates 
that  the  assumed  *'  law"  has  at  least  some  foundation  in  fact. 

Table  204. 

Mileage  of  Sidings  in  the  Aggregate  and  at  Buffalo  and  New  York, 

ON  THE  Leading  Lines  entering  Buffalo. 


MUes 
Main 
Line. 

MiLBS  OP  Sidings. 

Percent 

of  all 

Road. 

BufEalo. 

N.Y. 

Blue- 
where. 

Total. 

Sidiogt 

in 
Boffalo. 

New  York  Central. . . 
Lake  Shore. 

442 
540 

94.1 
9.3 

28.0 

•  •  •  • 

418.9 
539-7 

541.0 
549.0 

17.4 
16.9 

Total 

982 
460 

413 
430 
213 
426 
512 

103.4 
77.2 
30. 8» 
19.0* 

4.9* 
16. 3* 

3.5* 

•  •  •  • 

49.0 
50.0 

• .  •  • 

•  •  •  • 
34-0 

•  • .  • 

958.6 
430.8 
442.2 
129.0 
48.1 

91.7 

85.5 

1,090.0 
557.0 
523.0 
148.0 

53.0 
142.0 

89.0 

9.5 
13.9 

•  •  •  • 

•  •  •  • 

•  •  •  • 

Erie 

Lackawanna 

B.,  N.  Y.  &P 

Rochester  &  Pittsb'g. 
West  Shore 

N.  Y.,  C.  &St.  L.... 

•  •  •  • 

*  These  roads  have  completed  less  than  one  half  of  their  proposed  Buffalo  sidings. 


The  immense  aggregate  of  capital  expenditure  represented 
by  these  aggregates  of  side  track,  and  the  still  larger  capital 
sum  represented  by  the  annual  expenditure  to  "operate"  the 
side  tracks,  are  plainly  factors  in  the  future  of  new  and  old  lines 
which  can  never  be  safely  forgotten. 
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1123.  It  is  estimated  that  fifteen  miles  alone  of  the  local 
tracks  at  Buffalo  have  cost,  or  would  cost  to  replace,  $^o,oco 
per  mile,  or  $5,250,000,  this  particular  fraction  of  the  local  track- 
age being,  as  is  often  necessary,  on  exceptionally  expensive  land, 
where  it  is  readily  salable  at  $300  to  $500  per  foot  front  The 
railways  own  strips  varying  from  60  to  100  ft.  deep,  and  on  them 
are  laid  three  to  five  tracks,  giving  the  following  estimate  for  four 
miles  of  track : 

5280  ft.  of  land  at  $250  per  front  foot $1,320,000 

Planking,  60x5280  ft.  X3  in.=  1050  M.  ft,  or  with  sub-sills 

1200  M.  ft.  at  18  cts 21,600 

Grading,  averaging  3  ft.  deep  at  25  cts.  per  cu.  yd 1 1,750 

4  miles  of  track  at  $6000 24,000 

Total 81,377.350 

Per  mile  of  track 344.340 

Add  for  approaches  of  paved  streets,  paving  many  of  the 

tracks  themselves,  and  incidentals 5,660 

Total  per  mile $350,000 

We  need  not  attempt  the  difficult  task  of  estimating  the  total 
exactly,  but  for  the  other  items :  At  $10,000  per  mile  the  300 
miles  of  side  track,  more  or  less,  in  the  Buffalo  yards  represent 
$3,000,000.  At  $5000  per  acre  for  the  3600  acres  of  land  owned 
and  used  for  railway  purposes,  the  capital  investment  would  be 
$18,000,000.  The  shop  facilities  alone,  with  the  tracks  for  their 
use,  represent  $3,000,000.  Vast  as  these  sums  appear  and  are,  the 
interest  on  them  represents  but  a  small  part  of  the  addition  to 
the  cost  of  haulage  which  the  terminal  facilities  cause,  and  still 
less  is  the  bare  trackage  required  any  fair  criterion.  This  will 
be  clearly  indicated  by  referring  back  to  Table  202,  where  it 
will  be  seen  that  at  New  York  the  bare  cost  of  the  track,  esti- 
mated at  a  very  liberal  figure,  and  exclusive  of  land,  amounts  to 
but  2.2  per  cent  of  the  total  cost  of  yard  work,  and  that  this 
total  is  as  great  a  tax  upon  the  five  lines  concerned  as  if  they 
had  $91,000,000  invested,  say  in  three  thousand  miles  of  idle,  un- 
operated,  and  tolerably  costly  railroad,  at  $30,333  per  mile,  on 
which  they  had  to  pay  interest,  but  which  contributed  nothing 
to  revenue. 
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1124.  Nothing  equal  to  this  in  degree  exists  in  Buffalo,  but 
the  analogous  tax  at  that  point  is  very  great  indeed,  and  is  in  ad- 
dition to  the  New  York  tax,  as  is  likewise  the  yard  tax  at  Chicago, 
and  all  other  intermediate  points.  Therefore,  vast  as  is  the  tax 
of  maintaining  within  the  city  limits  of  Buffalo  enough  track 
for  local  purposes  only  to  build  a  new  line  to  New  York,  that 
direct  expenditure  is  but  a  small  part  of  the  total  burden  repre- 
sented by  those  facilities,  even  if  a  many  times  larger  part  than 
at  New  York,  as  no  doubt  it  is. 

At  no  other  point  in  this  country,  not  even  at  Chicago,  do  so 
many  conditions  combine  to  bring  about  such  abnormal  growth, 
and  the  same  is  still  more  true  of  even  the  largest  cities  of  the 
old  world.  Buffalo,  therefore,  although  outdone  by  many  other 
cities  as  a  traffic  point,  will  doubtless  continue  to  be  the  greatest 
yard,  properly  so  called,  in  the  world,  even  after  that  consider- 
able fraction  of  its  trackage,  which  is  with  reason  felt  to  be  due 
to  profligate  and  discreditable  imperfections  of  management,  has 
been  done  away  with.  But  its  interest  for  our  immediate  pur- 
pose lies  in  the  fact  that,  large  as  it  is,  it  is  only  the  largest  out- 
growth of  universal  tendencies;  and  that  road  which  attempts  to 
compete  with  another  without  having  approximate  equality  in 
such  terminal  facilities,  competes  on  about  as  favorable  terms 
as  it  would  in  crossing  a  river  by  some  new  bridge  in  which 
every  span  but  the  last  had  been  built,  and  was  of  very  superior 
quality. 

Much  greater  sums  have  been  spent  in  Europe  than  here  in  building  stations 
in  the  trade  centres  of  cities  close  to  the  warehouses  and  wholesale  stores.  In 
Liverpool  (600,000  inhabitants),  the  London  &  Northwestern  Railway  up  to 
2881  had  expended  $9,300,000  in  providing  freight  stations  alone.  In  London 
it  had  expended  $11,200,000.  Interest  at  the  rate  of  4  per  cent  on  the  cost  of 
these  stations,  less  rents  received  for  warehouses,  etc.,  amounted  at  Liverpool 
to  14.6  cents,  and  at  London  to  32  cents  per  ton  of  freight  handled.  Thus  the 
mere  payment  of  interest  on  the  terminal  facilities,  excluding  any  charge  for 
handling  the  freight,  would,  on  a  haul  from  Liverpool  to  London,  amount  to 
46.6  cents  per  ton,  or  nearly  \  cent  per  ton-mile.  These  figures  do  not  include 
the  cost  of  collecting,  distributing,  and  sorting  sidings,  of  which  there  are  38 
miles  at  Edgehill  (Liverpool),  and  proportionate  lengths  at  other  places.     The 
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London  &  Northwestern  is  in  no  way  exceptional  in  this  respect  among  the 
great  English  railways. 

The  total  actual  average  cost  of  loading  and  unloading  freight  per  gross  too, 
exclusive  of  interest,  was  given  as  under  for  the  year  1880,  at  the  foUowiaj 
places  : 


London 70.1  cents. 

Manchester ^ 41.0 

Birmingham 34.0 

Liverpool 39.4 


«« 

(< 


This  total  cost  includes  everything  incidental  to  carrying  on  the  business  (tf 
the  station,  but  no  charge  for  risk,  breakage  and  pilferage,  or  for  cartagt. 


PART  V. 


THE  CONDUCT  OF  LOCATION. 


**  O,  what  a  precious  book  the  one  would  be 
That  taught  observers  what  they're  nat  to  seel  ** 

— O.  W.  Holmes:  A  Rhymed  LMSsm. 

**Sooie  tnings  can  be  done  as  well  as  others."— Sam  Patch. 


PART  V. 

THE  CONDUCT  OF  LOCATION 


CHAPTER  XXVII. 


THE   ART   OF   RECONNAISSANCE. 


1125.  An  art,  as  distinguished  from  a  science,  is  something  which, 
although  it  in  part  can  be  taught,  yet  cannot  be  written  down  in  definite 
fixed  rules  which  have  only  to  be  followed  with  exactness.  A  science, 
correctly  so  called,  however  difficult  or  intricate  it  may  be,  is  always  in 
its  nature  susceptible  of  rigorous  and  exact  analysis.  An  art  is  not. 
Thus  we  may  speak  with  strict  propriety  of  the  science  of  bridge-build- 
ing, but  only  of  the  art  of  reconnoitring. 

Nevertheless,  just  as  there  is  no  scientific  branch  of  the  practical  work 
of  life  so  purely  a  science  that  it  is  possible  to  dispense  with  a  certain  apti- 
tude and  tact  which  is  outside  of  and  beyond  written  rules,  so,  on  the 
other  hand,  even  in  what  is  so  purely  an  art  as  discerning  the  physical 
possibilities  of  a  given  region  by  the  aid  of  the  eye  alone,  certain  general 
rules  and  cautions  will  greatly  diminish  the  danger — ^which  often  rises  to 
:ertainty— that  without  such  aid  an  inexperienced  engineer  will  fail  to 
discern  the  possibilities  which  lie  right  before  him,  and  reach  wholly 
mistaken  conclusions  as  to  what  he  can  and  cannot  do  with  the  region 
before  his  eyes. 

1126.  For  there  is  nothing  against  which  a  locating  engineer  will  find 
it  necessary  to  be  more  constantly  on  his  guard  than  the  drawing  of  hasty 
md  unfounded  conclusions,  especially  of  an  unfavorable  character,  from 
apparent  evidence  wrongly  interpreted.  If  his  conclusions  on  reconnais- 
sance are  unduly  favorable,  there  is  no  great  harm  done — nothing  more 
at  the  worst  will  ensue  than  an  unnecessary  amount  of  surveying;' but 
I  hasty  conclusion  that  some  line  is  not  feasible,  or  that  further  improve 
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ments  in  it  cannot  be  made,  or  even  sometimes-=-often  very  absurdly— 
that  no  other  line  of  any  kind  exists  than  that  one  which  has  chanced  to 
be  discovered — these  are  errors  which  may  have  disastrous  consequences. 
On  this  account,  if  for  no  other,  the  locating  engineer  should  culti- 
vate and  habitually  preserve  what  may  be  called  an  optimistic  habit  of 
mind.  He  should  not  allow  himself  to  enter  upon  his  work  with  the 
feeling  that  any  country  is  seriously  difficult,  but  rather  that  the  problem 
before  him  is  simply  to  find  the  line,  which  undoubtedly  exists,  and  that 
he  can  only  fail  to  do  so  from  some  blindness  or  oversight  of  his  own, 
which  it  will  be  his  business  to  guard  against. 

1127.  The  chances  are  greatly  in  favor  of  his  ultimately  finding  this 
assumption  to  be  correct.  Occasionally  he  may  be  deceived,  but  the 
young  and  inexperienced  engineer  cannot  proceed  on  a  safer  hypothesis 
than  this :  That  however  forbidding  the  r^ion,  a  line  exists  which  is 
conspicuously  better  than  any  other,  and  which  will  in  all  cases  be  found 
to  be — in  comparison  with  what  was  expected — a  line  cheap  to  build  and 
economical  to  operate ;  and  that,  on  the  other  hand,  the  line  which  he, 
as  an  inexperienced  man  and  acting  without  special  training  for  the 
work,  will  be  likely  to  first  select  as  the  best,  is  perhaps  twice  as  costly 
in  first  cost  and  considerably  less  favorable  in  gradients  and  operating 
value  than  that  which  he  can  secure  by  greater  care,  attention,  and 
study.  Although  this  may  seem  a  sweeping  generalization,  it  is  so  near 
a  general  average  of  probabilities  in  both  easy  and  difficult  country,  that 
in  a  rude  way  it  may  be  assumed  as  truth. 

1128.  For  the  reason  that  there  is  so  much  danger  of  radical  error  in 
the  selection  of  the  lines  to  be  surveyed  (or,  rather,  of  the  lines  not  to  be 
examined),  it  results  that  the  worst  errors  of  location  generally 
ORIGINATE  IN  THE  RECONNAISSANCE.  This  truth  once  grasped,  the 
greatest  of  all  dangers,  over-confidence  in  one's  own  infallibility,  is  r^ 
moved. 

1129i  The  most  fundamentally  important  technical  qualification  for 
entering  upon  the  reconnaissance  is  an  understanding  of  the  economic 
questions  considered  in  the  first  parts  of  this  volume,  especially  as  to 
what  a  railway  should  be  from  a  business  point  of  view,  and  what  the 
relative  importance  is  of  engineering  (or  geometric)  and  commercial  ex- 
cellence ;  for  if  the  engineer  cannot  correctly  distinguish  between  the 
financially  important  and  unimportant,  as  well  as  between  the  practically 
feasible  and  the  practically  impossible,  he  will  be  almost  as  liable  to  go 
astray  as  if  he  were  physically  blind,  by  omitting  to  examine  as  worthless 
the  very  possibilities  which  he  should  look  into  most  carefully.-    It  fol- 
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lows  also  that  he  should  be  well  posted  as  to  the  relative  cost  and  diffi- 
c:ulties  of  construction. 

1130i  These  Qualifications  being  presupposed,  before  beginning  the 
reconnaissance,  as  well  as  during  it  ^nd  after  it,  the  nature,  extent,  and 
probable  sources  of  the  traffic,  and  especially  of  way  traffic,  should  be 
carefully  looked  into,  as  a  consideration  which  will  be  often — it  might 
almost  be  said  usually — so  important  as  to  fix  the  general  route  in  de- 
spite of  quite  important  engineering  disadvantages.  The  small  effect 
on  profit  and  loss  of  evep  considerable  differences  of  distance,  and  the 
small  effect  on  distance  of  even  considerable  and  "ugly"  swerves  from  a 
straight  line,  may  well  be  especially  studied  up,  not  to  make  one  reck- 
less of  sacrificing  distance,  but  to  enable  one  to  sacrifice  it  and  save  it 
intelligently. 

1131.  On  the  other  hand,  the  engineer  should  with  especial  care  dis- 
abuse his  mind  of  the  very  natural  feeling  that  what  may  be  called  his 
own  particular  and  especial  department — getting  a  cheap  line  to  sub- 
grade — is  of  much  relative  importance  to  the  future  of  the  company.  He 
should  remember  that  it  requires  a  continuous  cut  or  fill  of  about  7  feet, 
or  say  an  average  maximum  cut  or  fill  of  10  to  12  feet,  with  its  ordinary 
accompaniments  of  masonry,  to  equal  the  cost  of  superstructure  ready 
for  operation ;  that  the  total  investment  for  rolling-stock,  machinery, 
buildings,  and  miscellaneous  purposes  will,  on  a  line  of  active  traffic, 
very  nearly  equal  that  for  road-bed  and  track  complete,  and  that,  finally, 
and  more  important  than  all,  the  interest  on  the  total  de-facto  invest- 
ment for  all  purposes  rarely  absorbs  more  than  from  one  sixth  to  one 
fourth  of  the  gross  revenue.  Broadly  speaking,  therefore,  we  may  say 
in  general  terms  that — 

To  increase  gross  revenue  |  we  may  double  the  whole  investment.  1 

tV  "  cost  of  road-bed  and  track. 

A  "  "      grading  and  masonry. 

These  percentages,  of  course,  are  subject  to  important  fluctuations,  but 
the  fact  still  remains  in  all  cases  that,  for  obvious  reasons,  the  tendency 
of  an  engineer  is  to  concentrate  his  attention  unduly  on  the  work  below 
sub-grade. 

1132.  As  a  more  direct  qualification,  the  engineer  should  prepare  him- 
self as  carefully  as  possible  to  form  reasonably  accurate  estimates  of  the 
probable  cost  of  the  work  per  mile  on  various  lines  and  grades.  The 
faculty  of  making  tolerably  close  approximations  of  this  kind,  assisted 
by  the  eye  alone,  is  not  so  very  difficult  to  acquire,  but  can  only  be  gained 
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by  careful  observation.  The  best  manner  of  obtaining  it  is  by  noting 
the  general  appearance  of  as  many  lines  as  possible,  either  before  or 
after  their  completion,  and  then  comparing  a  guess  based  on  this  appear- 
ance with  the  actual  cost  or  quantities.  Experienced  contractors  can 
guess  in  this  way  within  a  very  small  percentage  of  how  many  yards  per 
mile  a  given  piece  of  work  will  run.  The  engineer  should  by  previous 
practice  and  study  have  at  least  so  far  perfected  himself  in  this  art  as  to 
have  some  idea  as  to  his  '*  personal  equation"  or  probable  range  of  error. 

1133.  The  danger  with  most  young  and  inexperienced  engineers  in 
making  estimates  of  the  cost  of  work  is  decidedly  that  they  will  make 
too  small  estimates,  influenced  by  a  natural  hope  and  anxiety  to  show 
good  results.  But,  on  the  other  hand,  there  are  some  who,  especially  in 
preliminary  estimates,  go  to  the  other  extreme.  Just  as  it  is  the  marie 
of  an  untrained  engineer  to  make  estimates  too  low,  so  it  is  the  mark  of 
a  half-trained  man  to  persistently  make  estimates  too  high,  especially  on 
work  involving  difficult  or  doubtful  points,  which  it  may  be  in  question 
whether  to  attempt  at  all ;  a  practice  which  some  of  them  adhere  to 
through  life,  from  an  idea  that  they  are  being  thereby  more  prudent  and 
"  practical."  Each  error  is  equally  discreditable.  An  estimate  should 
lean  in  the  direction  of  excess,  but  a  moderate  error  in  either  direction  is 
a  pardonable  fault  (par.  21). 

1134.  To  these  qualifications  is  to  be  added — not  by  any  means  as 
least  important,  but  as  last  in  order  of  importance,  if  the  intended  dis- 
tinction can  be  grasped — what  is  generally  known  as  an  "eye  for  coun- 
try," the  nature  and  importance  of  which  has  already  been  considered  in 
par.  18.  Such  rules  and  cautions  for  acquiring  an  "eye  for  country" as 
can  be  committed  to  paper  (which  are  not  a  few)  will  be  given  in  the  fol- 
lowing chapter.  The  fundamental  rule  is  to  have  an  abiding  conviction 
that  a  much  better  line  than  at  first  sight  appears  can  be  found  by  open- 
ing one's  eyes. 

1135.  Undertaking  a  reconnaissance  with  a  reasonable  measure  of 
these  qualifications,  it  will  require,  often,  nothing  more  than  careful  ob- 
servation and  one  or  two  trips  over  the  line  to  definitely  determine, 
once  for  all,  which  is  the  proper  general  route  to  adopt,  and  so  save  all 
necessity  for  running  any  duplicate  lines  whatever  except  for  short  alter- 
nate sections  of  2,  10,  20,  or  30  miles,  which  are  almost  a]wa3rs  necessary 
at  points,  and  which  may  be  called  matters  of  detail.  It  would  be  dan- 
i;erous,  perhaps,  to  state  that  it  is  a  general  rule  that  only  one  line  will 
need  actual  survey,  but  the  writer's  experience  is  that  this  is  far  more  often 
true  than  not,  and  that  it  is  true,  perhaps,  of  a  larger  proportion  of  heavy 
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lines  than  of  light  lines.  When  all  the  traffic  and  business  considera-^ 
lions,  as  well  as  engineering  differences,  have  been  duly  considered,  the 
writer  has  never  known  an  instance  where  there  seemed  the  slightest 
need  to  survey  more  than  two  general  routes,  although  such  instances 
may  well  occur.  In  any  case  the  reconnaissance  should  be  conducted 
always  with  as  much  care  as  if  it  was  expected  to  make  by  its  means  a 
final  selection  of  route. 

In  conducting  the  reconnaissance,  while  individual  habits  of  mind  no 
doubt  differ  greatly,  and  with  them  the  direction  in  which  error  is  most 
to  be  feared,  the  following  rules  and  cautions  are  believed  to  be  of  uni- 
versal application,  the  first  one  especially  being  fundamental : 

1136.  I.  The  reconnaissance  must  not  be  of  a  line,  but  or  an 
AREA,  including  at  all  times  in  the  mind  as  wide  a  belt  on  each  side  of 
an  air-line  between  the  two  fixed  termini  as  there  is  the  remotest  pos- 
sibility of  the  lines  reaching  to ;  "  remotest  possibility"  being  considered 
for  the  time  being  as  only  bounded  by  some  marked  and  decisive  topo- 
graphical feature  or  traffic  centre. 

Thus,  in  reconnoitring  a  proposed  line,  AB^  Fig.  266,  supposed  to  be  about 
100  miles  long,  we  may  reasonably  take  the  valley  line  V  to  the  right,  or  the 
town  C  to  the  left,  as  the  lateral  limits,  but  nothing  less  than  this,  and  the 
whole  area  between  them  should  be  studied  as  an  area,  and  a  topographical 
map  **  in  the  mind's  eye*'  made  of  it  all ;  exact  comparative  knowledge  of  all 
the  various  passes  and  other  governing  points  being  obtained  on  reconnais- 
sance, or  by  subsequent  survey  or  spur-lines. 

This  simple  rule  is  one  rarely  thought  of  or  acted  on  until  repeated  blunders 
have  enforced  it.  Error  is  particularly  liable  to  follow  from  neglecting  it,  as 
will  be  shown  later  by  a  few  examples  from  practice.  We  may  survey  lines, 
but  we  must  never  reconnoitre  them.     If  we  do,  it  is  not  a  reconnaissance. 

1137.  2.  All  prepossessions  in  favor  of  any  particular  line  must  be  aban- 
doned, especially  in  favor  of  that  line  which  seems  most  obvious.  The 
importance  of  this  is  too  obvious  to  need  dwelling  on,  yet  it  is  one 
thing  to  admit  it  in  theory  and  quite  another  to  do  it  in  practice.  Not 
to  do  so  is  a  dangerous  and  frequent  error. 

1138.  3.  A  tendency  to  see  with  undue  clearness  the  merits  of  LINES 
LYING  CLOSE  TO  HIGHWAYS  or  the  more  settled  and  open  districts  must 
be  carefully  guarded  against.  This  is  another  dangerous  and  frequent 
error,  which  is  always  imminent,  partly  because  it  seems  too  obvious  a 
danger  to  be  a  real  one.  The  writer  now  recalls  no  less  than  thirty  in- 
stawces,  some  of  them  of  the  first  importance,  in  which  the  deceptive 
conveniences  of  highways  alone  were  responsible  for  serious  error,  as 
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in  the  instances  of  Chapter  XXIX.  and  Appendix  C.     Allied  to  the 
above  are : 

4.  Lines  hard  to  get  over  on  foot,  or  overgrown  with  timber  or 
tangled  undergrowth,  seem  infinitely  worse  by  comparison  than  they 
really  are ;  and, 

5.  Raggedness  of  detail,  sharp  rocky  points,  steep  bluffs,  and  the  like, 
exert  an  entirely  undue  influence  upon  th^  mind  as  compared  with  long 
rolling  slopes  spread  out  over  a  longer  distance. 

These  two  dangers  are  so  imminent  where  the  conditions  specified  exist  at 
all,  as  in  comparing  many  valley  lines  with  ridge  lines,  that  they  will  be  sepa- 
rately discussed  (par.  1162).  The  disadvantages  of  a  route  for  a  railway  must 
not  be  measured  by  its  disadvantages  as  a  foot-path,  even  after  all  brush  and 
timber  have  been  removed,  yet  it  is  hard  not  to  do  so  to  some  extent. 

1139.  6.  A  complete  mental  map  of  the  watercourses  should  be  made 
as  the  reconnaissance  proceeds — sufficiently  exact,  at  least,  to  enable  the 
engineer  to  state  positively  where  the  water  of  every  stream  crossed 
joins  another,  and  what  streams  run  in  together,  until  they  have  passed 
off  the  limits  of  the  area  under  examination. 

It  is  not  always  convenient  to  do  this  for  each  stream  as  it  is  passed,  with- 
out undue  delay  ;  but  wherever  a  stream  is  passed  without  doing  it,  there,  it 
should  be  noted,  is  a  gap  in  the  necessary  knowledge  of  the  country^  which  may  be 
dangerous. 

A  skeleton  framework  for  this  information  can  generally  be  obtained  from 
maps.  It  is  in  respect  to  the  minor  streams  that  the  caution  is  particularly 
necessary,  and  it  is  even  more  important  to  adhere  to  it  in  the  smoother  than 
in  very  rough  country.     Neglect  of  it  often  carries  one  off  on  a  false  track. 

1140.  7.  False  summits,  or  those  which  appear  to  interpose  between 
two  water-sheds,  when  in  reality  they  are  only  between  different  parts  of 
the  same  water-shed,  are  very  liable  to  deceive  under  certain  circum- 
stances. The  latter,  fortunately,  do  not  often  occur;  but  when  they  do 
occur  the  deception  is  often  very  perfect,  introducing  an  apparently  im- 
passable obstacle  to  the  progress  of  the  line  which  is  only  apparent  One 
of  many  reasons  for  the  preceding  rule  is  to  avoid  this  danger. 

See  also  overlaps  (par.  1161),  which  are  a  kind  of  imaginary  false  summits. 

1141.  8.  As  a  very  necessary  safeguard  ^[ainst  error,  the  engineer 
should  MAKE  IT  A  RULE  to  invariably  discredit  all  unfavorable  reports, 
from  whatever  source  derived,  which  do  not  accord  with  what  he  expects. 

This  merely  means  that  if  he  has,  or  thinks  he  has,  any  reasonable  shadow 
of  ground  for  hope  that  certain  things  are  possible  at  controlling  points,  he 
should  go  there  and  look  for  himself  before  he  finally  abandons  hope.    Not  qd^ 
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reqoently  he  will  see  reasons  to  be  glad  he  did  go.  The  time  of  a  man  who 
nay  have  been  previously  sent  to  the  point  is  not  therefore  lost.  Assurance  is 
u  least  made  doubly  sure,  and  he  might  have  brought  back  a  favorable  report ; 
>ut  the  most  trusted  assistants  are  liable,  with  the  best  of  intentions,  to  reach 
entirely  wrong  conclusions  by  looking  in  the  wrong  place  or  seeing  the  wrong 
iiings. 

1142.  The  reconnaissance,  it  should  be  understood,  although  spoken 
)f  as  one  continuous  and  complete  examination  of  the  territory,  is  not 
lecessarily  completed  all  at  once.  On  the  contrary,  it  should  in  a  sense 
yt  always  in  progress  until  the  final  location  is  complete,  and  may  well 
yt  made  in  part  while  a  party  is  running  some  first  experimental  line. 
[t  may  also  continue  over  a  number  of  separate  and  complete  trips 
>ver  the  route,  which  in  a  literal  sense  are  examinations  of  so  many  dis- 
;inct  lines ;  but  it  should  never  be  felt  to  be  so  while  making  the  trips, 
>ut  as  broad  a  belt  should  be  taken  in,  in  imagination  at  least,  as  it  is 
x>ssible  to  keep  in  mind.  The  feeling  should  always  be  present  in  the 
nind  of  the  engineer  that  he  ought  to  be  somewhere  over  the  edge  of 
he  horizon,  or  on  the  other  side  of  the  valley  or  ridge,  instead  of  fol- 
owing  his  nose  where  he  is. 

1143.  The  whole  reconnaissance  is  not  ordinarily  carried  on  in  the 
ield,  but  a  part  of  it,  small  as  respects  time,  but  often  important  and 
*ven  decisive  as  respects  results,  is  obtained  from  the  study  of  such  maps 
)f  the  region  as  may  exist.  The  same  arguments  apply  to  such  exami- 
lation  as  to  examinations  in  the  fields,  and  the  same  methods  should  be 
jsed.  The  obvious  should  be  mistrusted  and  the  improbable  looked  for 
lopefully.  An  examination  of  maps  may  in  some  cases  be  the  only  recon- 
laissance,  properly  so  called,  needed,  as  when  a  line  follows  for  its  entire 
ength  a  deep  valley  of  known  character  between  points  both  situated  in 
:he  same  valley.  On  the  other  hand,  the  reconnaissance  may  show  such 
licely-balanced  possibilities  that  three  or  four  exploration  lines  will  be 
lecessary,  merely  to  form  a  clear  idea  of  what  lines  to  examine  in  earnest. 

But,  as  a  general  rule,  neither  of  these  conditions  prevail.  A  careful 
'econnaissance  is  necessary,  but  it  is  also  decisive ;  showing  beyond  doubt 
[at  least  any  doubt  which  a  survey  by  the  same  persons  could  remove) 
:hat  some  one  route  is  alone  worth  careful  survey,  or  at  most  two. 

1144.  The  method  of  making  a  reconnaissance  may  be  in  detail  some- 
Mrhat  like  that  sketched  in  Fig.  266.  Such  ordinary  matters  as  that 
Mrater  runs  down  hill ;  that  streams  start  at  their  source  from  the  lowest 
;x>int  in  their  immediate  vicinity  and  flow  toward  still  lower  ground; 
:hat  large  streams  usually  lie  lower  than  contiguous  smaller  streams,  and 
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to  fix  the  approxLinau 
>t  placed  in  it,— may  be 
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ttiat  an  aneroid  barometer  will  be  of  i 
elevation  of  points,  if  too  great  confidence  be  r 
lupposed  to  be  understood. 

A  band'level  is  a  more  important  tool,  which  should  always  be  a 
hand.  In  looking  through  it  do  not  close  one  eye.  but  while  one  ti^t 
looks  through  the  tube  of  the  hand-level  let  the  other  look  at  the  na- 
tural landscape.  The  bubble  will  then  be  seen  superimposed  on  the 
latter.  Hand-levels  are  very  often  out  of  adjustment,  and  still  more  oftto 
have  very  dull  bubbles, 
which  re&d  quite  different- 
ly if  the  tube  has  been 
raised  or  lowered  to  posi- 
A  guess  should  al- 
ways be  made  first,  before 
using  the  band-level,  but 

very  trustworthy  faculty  of 
guessing  at  a  horizontal 
line.     In  ordinary  locali- 
ties a  practical   eye  nil! 
B  elevations  anda 
'  horizontal  line  with  a  good 
deal  of  precision,  but  thete 
are  peculiar  topographical 
conditions    which    make 
the  evidence  of  the  eye 
worse  than  worthless  (par. 
tl6o),  and  no  one  can  tell 
where  they  are  in  advance. 
An  odometer  may  be 
fastened  to  the  wheel  of 
the  carriage,  if  a  vehicle 
be  used  ;  but  distancescan 
\  usually  be  guessed  or  as- 

*  certained,   by    time   esti- 

mates orotherwise,  neariy 
:.iough  for  preliminary  purposes.  A  pocket  compass  is  a  necessity,  and 
>  succession  of  travelling  companions  with  a  local  knowledge  of  the 
-vuntry  are  very  desirable.  More  outfit  than  this  and  the  best  attainable 
n«p5  will  not  be  particularly  useful. 
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1145.  As  a  preliminary  to  starting  out  to  explore,  say  from  B  to  A, 
Fig.  266,  one  should  strike  an  arc  mentally  across  the  country  with  B  as 
a  centre,  and  with  a  radius  of  2  to  20  miles,  according  as  some  definite 
topographical  feature  may  indicate.  In  country  at  all  rough  this  arc 
should  be  at  least  200°  long.  In  smoother  country  it  maybe  less.  A  pass 
through  a  range  of  hills  at  /  on  the  direct  line  to  A  may  determine  where 
to  strike  this  arc 

Before  allowing  himself  to  pass  by  this  arc  at  any  point  the  engi- 
neer should  mentally  ask  himself  this  question,  and  either  answer  it  posi- 
tively and  definitely  on  the  spot,  or  note  that  he  must  find  an  answer: 
How  many  different  routes  are  there,  and  what  are  their  comparative 
merits,  for  passing  from  B  to  beyond  this  arc  at  any  point  in  its  whole 
extent  ?  .  If  there  be  some  point  like  e  or/  which  is,  in  the  first  place,  out  of 
the  proper  direction ;  secondly,  difficult  of  access ;  and,  thirdly,  highly  un- 
promising in  appearance, — it  must  not  be  passed  until  it  is  known  that  it 
is  not  feasible,  or  else  noted  as  a  point  to  be  continually  remembered  as 
of  unknown  and  presumably  great  capabilities. 

Usually  there  will  be  three  or  four  routes  for  crossing  this  first  arc, 
which  will  appear  distinctly  better  than  any  others,  and  perhaps  be  the 
only  possible  ones.  Noting  every  one  of  those  which  have  not  been  ex- 
amined, and  assuming  that  everything  is  possible  which  is  not  clearly 
seen  to  be  impossible,  the  imaginary  arc  may  be  crossed  to  the  next  belt. 

1146.  Here,  at  some  fixed  topc^raphical  feature  where  obstacles  occur, 
or  at  some  town,  a  second  mental  arc  may  be  struck,  likewise  with  B  as 
a  centre,  but  it  is  no  longer  necessary  to  make  it  200**  long,  but  merely 
long  enough  to  cover  a  route  to  A  from  every  possible  pass  of  the  first 
arc,  and  the  method  should  be  the  same.  The  question  should  be  :  In 
THIS  ANNULAR  BELT  what  is  the  best  way  to  pass  from  some  attainable 
point  in  the  first  arc  to  beyond  the  second,  and  which  will  give  the  best 
complete  route  from  B  ? 

By  this  time  we  shall  be  so  far  away  from  B  that  we  cannot  really  cover 
mentally,  even  in  the  rudest  way,  all  the  area  we  should  investigate,  and 
we  must  drop  the  furthest  half  of  it  entirely  from  mind  for  the  time 
being.  Remembering  that  it  is  dropped,  however,  the  method  is  the  same, 
so  far  as  it  goes.  By  assumption,  all  the  most  hopeful  chances  are  in  the 
region  beyond  the  horizon,  but  it  is  necessary  to  leave  them  for  the  time 
being. 

1147.  As  the  reconnaissance  approaches  A  it  will  be  more  natural  that 
our  work  should  be  carried  on  with  that  as  a  centre,  and  as  soon  as  pos- 
sible the  examination  of  the  whole  possible  area  at  once,  in  a  cursory 
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way  at  least,  should  be  resumed.  On  reaching  A,  before  the  territory 
passed  over  is  again  examined,  all  the  remaining  possible  area  should  be 
gone  over  in  the  same  way,  and  it  should  not  be  r^;arded  as  completed 
until  the  limits  of  the  water-shed  of  every  stream  in  the  whole  area  are 
well  understood,  and  the  lowest  passes  through  the  ridges.  It  is  not  by 
any  means  the  roughest  regions  which  require  the  most  care  in  this  re- 
spect. Thus,  in  Fig.  266,  if  the  country  were  very  rough  the  chances 
would  be  very  strong  indeed  that  the  valley-line  B  VA  would  be  the  best, 
and  a  very  cursory  examination  of  some  cross-line  VD  might  suffice  to 
prove  it.  In  moderately  easy  country  the  line  BCDA  would  be  far  more 
likely  to  be  the  best,  and  there  might  of  course  be  considerable  variations 
in  it ;  or  the  valley  at  be  might  be  so  low  and  the  town  C  so  small  that 
the  preference  clearly  lay  with  the  most  direct  line.  It  does  not  by  any 
means  follow  that  the  whole  area  should  be  examined  with  equal  care. 
If  one  part  is  positively  known  to  be  worse  than  another,  it  matters  little 
to  determine  how  much  worse ;  only,  it  must  be  known,  and  not  guessed 
at. 

By  following  strictly  on  the  line  of  these  suggestions  serious  over- 
sights are  not  probable  ;  otherwise  they  are  exceedingly  probable.  Such 
assistance  as  it  seems  possible  to  give  for  training  the  eye  to  take  in  the 
meaning  of  what  it  sees  before  it,  is  given  in  the  following  chapter.  One 
general  caution  may  be  added  :  "  ROUGH  COUNTRY  "  is  a  purely  relative 
term.  To  the  tyro,  the  rolling  hillocks  of  Ohio,  Michigan  and  New  Jer- 
sey are  rough.  The  same  man,  with  a  little  experience  in  really  rough 
country,  will  take  the  worst  the  Rocky  Mountains  or  the  Andes  can  offer 
with  equanimity ;  and  equanimity  is  in  every  calling  essential  for  success. 
No  country  in  which  most  of  the  surface  has  a  layer  of  soil  over  it  de- 
serves the  name  of  rough.  It  needs  but  little  study  and  care  to  get 
several  lines  of  reasonable  cost  through  it.  The  art  of  location  consists 
merely  in  making  a  judicious  choice, — not  in  getting  a  line,  which  is 
always  easy  in  such  regions. 

1148.  An  accomplishment  which  is  not  very  difficult  to  acquire,  and  whidi 
is  constantly  useful  on  reconnaissance,  is  to  estimate  the  rate  of  fall  of  streams 
from  their  general  appearance.  No  general  rules  can  be  laid  down,  beciause  so 
much  depends  upon  the  volume  of  the  stream.  A  fall  of  4  to  8  feet  per  mile 
will  give  a  good-sized  stream  or  river  a  very  rapid  current,  with  many  stretches 
where  it  will  seem  to  the  careless  eye  as  if  there  were  nearly  that  fall  at  a  single 
point,  succeeded  by  pools  above  and  below.  On  the  other  hand,  a  fall  of  30  or 
35  feet  per  mile  does  not  necessarily  give  to  a  small-sized  river  the  character  of 
a  torrent,  and  large  brooks  or  small  creeks  must  fall  100  feet  per  mile  or  more 
before  they  have  any  violent  current. 
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1149i  A  special  report  on  the  Water-Power  of  the  United  States  in  the 
Tenth  United  States  Census  gives  a  tabular  statement  of  the  slopes  of  the 
principal  streams  flowing  into  the  Atlantic  and  the  Eastern  Gulf,  which  might 
perhaps  be  profitably  abstracted.  It  shows  that  the  slope  of  the  streams  is 
pretty  much  the  same  per  mile  from  the  Merrimack  to  the  Chattahoochee;  the 
average  slope  of  twenty-one  main  streams  being  5.4  feet  per  mile,  with  the  Sus- 
quehanna the  flattest,  at  2.8  per  mile,  and  the  Hudson  River  the  steepest,  at  10 
feet  per  mile. 

The  slope  of  some  of  the  southern  tributariefi  of  the  Ohio  River  is  very  light, 
ranging  from  0.41  foot  per  mile  for  the  Green  River  to  2.84  feet  for  the  Alle- 
gheny as  a  maximum.  The  falls  in  these  streams  generally  take  the  form  of 
long  shoals.  As  an  example,  however,  of  how  very  quickly  some  of  the^e 
rivers  descend  from  their  elevated  sources  to  the  gentle  slope  of  their  subsequent 
course.  Mr.  Dwight  Porter  mentions  that  the  Cheat  River,  in  West  Virginia,  falls 
2400  feet  in  the  last  eighty  miles  of  its  way  to  the  Monongahela,  while  the  latter 
river  descends  but  75  feet  in  the  ninety  miles  between  the  mouth  of  the  Cheat 
and  Pittsburg.  The  northern  tributaries  of  the  Ohio  have  usually  steeper  slopes, 
but  the  average  is  far  below  the  rivers  on  the  upper  Atlantic  coast.  The  Ohio 
River  itself,  from  Pittsburg  to  its  mouth,  a  distance  of  967  miles,  falls  430  feet, 
or  an  average  of  0.44  foot  per  mile.  At  Louisville  there, is  a  fall  of  26  feet  in 
two  miles. 

The  Upper  Mississippi,  from  its  extreme  sources  to  St.  Paul,  500  miles  by 
the  river,  falls  1000  feet.  The  Missouri  River  falls  2464  feet  in  the  2644  miles 
of  its  course  below  Fort  Benton,  being  navigable  to  that  point.  The  tributaries 
of  the  Mississippi  from  Eastern  Iowa  have  a  general  slope  of  about  3  feet  per 
mile,  ranging  from  1.84  to  3.83  feet  per  mile. 

The  Arkansas  River,  from  its  source  to  Pueblo,  Colorado,  averages  34.11 
feet  per  mile.  In  the  upper  120  miles  the  river  falls  40  feet  per  mile,  then 
flattens  out  to  8  feet  per  mile  for  500  or  600.  miles,  and  at  150  miles  above  its 
mouth  its  slope  is  only  o.  46  foot  per  mile. 

The  Niagara  River,  in  its  short  course  of  37  miles,  descends  333  feet  to  Lake 
Ontario  with  a  vertical  plunge  of  160  feet  at  the  Falls,  discharging  a  volume  of 
water  nearly  half  as  great  as  the  Mississippi  River,  or  166.600  cubic  feet  per 
second.  From  Buffalo  to  3  miles  above  the  Falls,  the  river  descends  20  feet,  or 
about  a  foot  per  mile,  yet  the  stream  is  readily  navigable;  from  this  point  to  the 
brink  of  the  Falls  it  descends  about  53  feet,  or  18  feet  per  mile. 
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OCULAR  ILLUSIONS. 


1150.  The  natural  eyesight  is  readily  deceived  even  where  the  ap- 
parent differences  are  so  great  as  to  seem  clear  and  positive.  Among 
the  more  serious  ways  in  which  this  danger  may  make  trouble  are : 

I.  The  eye  foreshortens  the  distance  in  an  air^iine  and  materially  ex- 
aggerates t/ie  comparative  length  of  a  lateral  offset,  so  as  to  greatly  exag- 
gerate the  loss  of  distance  (and  hence  of  curvature)  from  any  deflection. 
A  deflection  which  will  not  in  reality  add  more  than  lo  to  15  per  cent  to 
the  length  of  a  line  will  seem  to  the  eye  to  double  it.  This  marked  ten- 
dency to  great  exaggeration  results  from  the  effect  of  two  concurrent 
causes :  (i)  the  foreshortening  alluded  to,  and  (2)  the  tendency  of  the  mind 
to  exaggerate  the  distance  lost  by  lateral  deflections  even  when  looking 
down  upon  a  map— as  Fig.  13,  page  237,  where  the  loss  of  distance  in  C 
might  be  easily  estimated  at  four  or  five  times  what  it  is. 

These  two  causes  combined,  both  of  them  having  much  effect  in  the 
same  direction,  make  the  judgment  of  inexperienced  men  on  this  subject 
almost  absurdly  deceptive. 

11 5L  2.  The  eye  exaggerates  the  sharpness  of  prajecting points  and  spun, 
and  the  degree  of  curvature  necessary  to  pass  around  them  :  an  exceed- 
ingly common  difficulty,  leading  to  serious  consequences:  It  results  from 
a  combination  of  natural  causes,  viz.:  (i)  The  eye,  in  looking  at  all  nat- 
ural slopes,  from  any  point  of  view  whatever,  greatly  exaggerates  their 
steepness.  A  60°  slope  seems  almost  vertical ;  a  45®,  fully  75**;  a  i^  to  i 
slope  (the  rate  of  the  very  steepest  mountain  sides),  at  least  1  to  i ;  etc, 
etc.  This  tendency  is  especially  strong  in  looking  at  slopes  from  above. 
(2)  Such  points  are  generally  looked  at  from  above ;  but  whether  looked 
at  from  above  or  below,  the  eye  instinctively  searches  for  something  fixed 
and  definite  to  start  from,  which  is  usually  found  in  the  crest  or  ridge  lint, 
especially  if  the  latter  runs  nearly  to  a  knife-edge.  Likewise  the  eye  al- 
most invariably  tends  to  exaggerate  angles,  from  whatever  point  the  viwr 
is  taken  on  which  the  judgment  is  formed.  If  formed  from  the  side 
(Fig.  267),  it  exaggerates  the  distance  C  in  comparison  with  AB\  making 
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it  seem  half  as  long,  for  example,  when  it  is  only  one  fourth  as  long,  thus 
making  the  point  seem  to  require  a  curve  of  180°  where  perhaps  iio** 
only  will  suffice.  If  formed  from  in  front  of  very  sharp  points,  Fig.  268, 
the  tendency  is  to  look  upon  the  two  range-sights,  B,  C,  as  at  a  much 
sharper  angle  U  to  each  other  than  they  really  are,  because  the  eye  ranges 
along  both  slopes  at  once — an  unusual 
circumstance,  the  more  common  case 
being  that  of  Fig.  269,  in  which  the 
tendency  is  in  the  opposite  direction, 
ki  Fig.  268  one  tends  to  approximate 


Fig.  267. 

the  angle  V  to  180'';  or,  in  other  words,  to  think  of  B  and  C  as  nearly  par* 
allel  to  each  other,  as  if  we  were  looking  from  ^E"  at  an  infinite  distance. 

1153.  From  these  causes  combin«d,  the  eye  at  E  first  fixes  on  the 
crest-line  and  then  exaggerates,  say,  a  i^  to  i  slope  into  a  i  to  i  slope ;  in 
other  words,  makes  the  chord-line  A,  Fig.  268,  one  third  shorter  than  it 
is.  This  alone  gives  a  15*  curve  where  lo*  will  suffice.  But  having  first 
got  our  chord-line  too  short,  we  then  proceed  to  mentally  exaggerate  the 
angle  to  which  it  is  a  chord,  and  thus  still  further  shorten  the  supposed 
radius,  so  that  we  may  easily  picture  a  20'  curve  where  lo*  would  prove 
on  survey  all-sufficient. 

Whether  this  explanation  of  the  philosophy  of  the  tendency  to  error 
be  correct  or  not,  the  fact  of  its  existence  in  about  the  degree  stated  is 
beyond  question,  especially  with  those  who  are  for  the  first  time  con- 
fronted with  "rough  country."  They  are  almost  sure  to  exaggerate 
greatly  the  difficulties  of  such  localities. 

1154.  3.  An  opposite  tendency — to  decrease  the  probable  angles  re- 
quired— exists  in  looking  at  smooth  gentle  slopes,  especially  from  a 
distant  point  of  view,  for  reasons  hinted  at  in  part  in  Fig.  269.  Smooth- 
ness and  gentleness  of  slope  mean  that  we  must  either  go  out  a  long  way 
to  gain  a  little  difference  of  elevation,  or  must  put  up  with  very  long,  if 
not  very  deep,  cuts  or  fills.     In  order  to  bring  down  the  work  to  reason- 
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able  lightness,  therefore,  we  must  often  adopt  a  quite  crooked  alignment 
on  the  smooth  and  (for  foot  travel)  very  tractable  slopes,  and  even  tha 
have  pretty  heavy  work. 

This  error  is  especially  liable  to  occur  on  the  l<mg  gentle  rolling  Blopci 

which  are  met  over  vast  areas  of  the  b- 

'''.'/i-  vV '^        western  United    States,   Mexico,  Soaib 

■/r,''',/yi.,iii'''^>.-  ""^v/"      4rT,-.-i,.=^  and  (the  writer  believes)  mudi 

,  Africa,  and    Australia,  in  all 

1  regions  Nature  seems  to  havt 

W  \^\Vll*^'  tjioMi.vM  all  her  works  on  a  vast  scale  aod 

l|'.  t  )  taken  plentyof  room  to  spread  out  in. 

^'     f  In  the  fastem  United  States   and  in 

\    /  Europe  west  of  Russia  it  is  less  imini- 

''"^'  "**■  When  we  happen  to  be  comparing  two 

lines,  one  of  whichlies.say,  in  a  valley,  where  the  tendency  is  toexaggeme 
the  sharpness  of  curves  and  angles,  while  another  lies  on  a  smoother  and 
higher  region,  where  the  tendency  is  in  the  other  direction,  these  two 
opposite  tendencies  may  combine  to  cause  most  calamitously  misukes 
conclusions,  one  line  being  made  up  in  la^e  part  of  points  like  Fig. 
268  and  the  other  like  Fig.  369. 

1155.  The  unassisted  eye  is  also  liable  to  be  deceived  in  many  w^ 
as  to  gradients  and  elevations,  as  noticeably  in  the  following: 

4.  A  slope  looked  at  from  a  distance  always  appears  steeper  and 
higher  than  it  really  is,  especially  if  we  are  standingon  ground  descend- 
ing towards  it,  when  the  eye  tends  to  Itxik  on  the  slope  where  we  stand 
as  more  nearly  level  than  it  is,  and  to  exaggerate,  often  to  an  absurd  ex- 
tent, the  steepness  of  the  rising  ground  in  front.  This  is  a  familiar  ex- 
perience, which  most  men  have  learned  to  allow  for,  more  or  less.  The 
best  training  for  the  eye,  to  check  the  danger,  is  to  study  the  phenomenon 
on  highways  or  constructed  railways,  where  the  effect  of  a  given  vertical 
angle  is  far  more  marked  than  on  a  natural  unbroken  surface,  for  the 
reason,  probably,  that  where  the  mind  looks  for  uniformity,  as  on  arsil- 
wayor  road,  it  is  forcibly  impressed  by  a  deviation  from  it,  but  where,  on 
the  otherhand,irr^ularities  are  looked  for  and,  as  it  were,  "discounted" 
in  advance,  the  very  same  surface  angle  produces  less  impression. 

1156.  Another  and  perhaps  truer  explanation  of  this  and  many  other 
ocular  illusions  is  that  it  is  simply  lack  of  practice  and  training  of  the 
eye  under  those  particular  conditions.  The  child  has  absolutely  no  pe^ 
ccption  of  distance  or  perspective,  and  hence  of  siz^  but  puts  out  hit 
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nd  to  touch  everything  he  sees  within  his  field  of  view,  even  on  the 
itant  horizon.  To  measure  distances  and  sizes  as  accurately  as  we  do 
the  aid  (i)  of  the  short  base-line  of  z}  inches  between  the  two  eyes. 
d  (3)  of  our  gradually  acquired  knowledge  of  the  probable  sizes  of  ob- 
•xa,  is  really  a  mental  process  of  eilraordinary  difficulty  and  delicacy, 
lich  is  only  acquired  by  the  incessant,  unconscious  practice  of  years, 
ider  the  conditions  in  which  we  have  been  most  trained  we  do  toler- 
ly  well ;  but  whenever  we  strike  the  unfamiliar  and  unusual,  then  the 
e  reverts  to  its  original  untrained  tendency  to  bring  everything  in  the 
stance  up  into  its  own  vicinity,  with  an  inevitable  distorting  effect  on 
lat  the  mind  makes  out  of  the  picture  seen.  Thus  it  is  that  the  sun 
d  moon  appear  to  the  eye  a  great  deal  larger  when  they  are  rising  or 
:ting,themindnever  admitting  that  they  can  be  very  farotf.  except  when 
■ced  to  do  so  by  seeing  them  beyond  the  immediate  horizon.  Thus, 
:her  than  by  the  common  explanation  that  there  are  no  intermediate 
jects  to  fix  on,  distances  across  water  are  always  under-estimated  by 
3se  unaccustomed  to  it.  For  the  same  reason,  possibly,  the  eye  brings 
-ward  the  farther  end  of  a  long  line  of  rails  beyond  a  hollow  until — 
led  somewhat  by  the  Eurther  assumption  that  we  are  standing  on  a 
rel — they  seem  almost  to  stand  up  and  down.  For  the  same  reason, 
e  steepness  of  the  slopes  of  mountains  are  exa^erated  ;  and  possibly 
:  the  same  reason.  In  part  at  least,  the  immense  scale  on  which  the 
pographical  features  of  the  great  West,  Mexico,  South  America,  and 


Hilar  regions  are  laid  out,  deceives  as  to  distances  the  Eastern  man  or 
iropean,  accustomed  to  a  pettier  topography. 

1157.  A  comparison  of  the  different  effect  upon  the  eye  of  railway 
adients  and  natural  slopes  of  the  same  rate,  wherever  two  descending 
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gradients  can  be  found  nearly  following  the  natural  surface,  is  aa  in- 
structive training  of  the  eye.  By  standing  first  on  the  track  and  then  i 
few  hundred  feet  to  one  side,  the  difference  in  the  degree  of  the  decep- 
tion Is  marked  ;  but  trial  from  various  points  of  view  will  show  that  il 
always  exists,  even  on  the  natural  surface. 


11U.  5.  Allied  to  the  above,  but  operating  more  obscurely  and  on  t 
lacker  scale,  is  the  deception  which  conies  from  the  pkofinquitit  or 
LARGE  MASSES  OF  HILLS  OK  MOUNTAINS  whcn  looked  at  from  a  dis- 
tance, or  even  from  a  mere  general  slope  in  one  direction  of  the  wbole 
foreground  within  view,  especially  if  it  be  much  broken  up  in  detail  b)r 
minor  hillocks  and  ridges,  so  that  the  general  trend  of  the  surface  ti  pot 
readily  detected.  The  best-trained  eye  is  quite  incapable,  under  tbex 
circumstances,  of  estimating  horizontality  so  as  to  detect  the  lowest  points 
with  the  same  success  as  under  ordinary  circumstances.     Fig.  3ii,page 


K  Distant  Vi 


680,  reproduces  admirably  an  ocular  illusion  of  this  kind.  The  g;rad« 
against  the  stream  seem  enormously  steep,  and  those  with  it  nearly  level. 
The  reverse  is  the  case  at  the  viaduct  in  the  background,  yet  everywhere . 
the  rate  is  the  same.  In  Fig.  270  the  pass  A,  which  seems  to  the  eye  of 
a  distant  observer  to  be  slightly  lower  than  B,  may  be  counted  on  with 
great  certainty  to  be  considerably  higher,  -To  be  in  fact  on  a  levd  with 
it,  it  must  appear  to  the  eye  very  much  lower.    Fig.  370  was  sketched 
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from  an  instance  where  half  a  dozen  skilled  men  under-es 
height  of  A.  and  over-estimated  B.  by  nearly  200  feet,  from  a  point 
of  view  less  than  3  miles  off.  over  an  apparently  level  plain,  on  a  line  of 
aigbt  nearly  parallel  with  the  slopes  of  the  mountain,  and  vith  A  and  B 
hardly  more  than  half  a  mile  apart ;  the  pass  having  been  looked  »t, 
likewise,  from  both  sides. 

1199.  Another,  the  most  extraordinary  ocular  deception  which  the 
writer  has  ever  encountered,  and  for  which  he  could  not  then  or  later 
imaginean  explanation,  is  badly  sketched  from  memory  in  Fig.  371.  In  a 
gently  rolling  but  much  "  accidented  "  country,  through  a  little  pass  with 
(seemingly)  long  gentle  slopes  on  each  side,  the  little  hut  appeared  only 
10  feet  above  the  bottom  of  the  notch"  less  than  400  ft.  ofi,  when  in  fact 
it  was  80  ft.,  there  being  in  this  case  no  preponderance  of  large  masses 
on  either  side  of  the  field  of  view  to  unbalance  the  eyesight.  This  decep- 
tion, likewise,  was  common  to  every  man  of  a  large  and  experienced 
corps,  and  perhaps  came  from  an  obscure  train  of  association  with  a  sharp 
and  tremendous  descent  a  short  distance  back  (1500  feet  in  a  six-mile 
view),  which  might  have  been  seen  in  part  by  eyes  in  the  back  of  one's 
head  while  looking  at  the  hut.  but  which  neither  existed  in  fact  nor  ap- 
peared to  exist  in  the  view  taken  in  by  tl^e  natural  eyesight,  as  rudely 
and  very  inadequately  sketched  in  Fig.  371.  The  hut  looks  far  too  high 
in  the  cut,  and  the  very  bottom  of  the  valley  was  in  sight. 

1160.  Similar  ocular  illusions,  and  perhaps  more  remarkable  ones, 
may  be  seen  wherever  there  are  irrigating  or  other  nearly  level  ditches 
winding  around  the  slopes  of  mountains  above  rapidly  descending  val- 


leys. They  invariably  appear  to  run  up  hill,  and  often  in  a  very  marked 
and  extraordinary  way,  as  with  many  of  the  irrigating  ditches  of  Colorado. 
.  These  examples  are  but  pronounced  types  of  frequent  topographical 
irregularities,  which  make  the  eyesight  utterly  worthless  for  measuring 
important  elevations  and  slopes  in  certain  localities;  and  where  those 
localities  are.  unfortunately,  cannot  be  determined  in  advance.  The 
aneroid  barometer,  altazimuth,  or  hand-level,  consequently,  should  be 
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constantly  used  c 
important,  should  be  actually  visited,  for  anot 
1161.  6.  Overlaps  of  hills  or  elevated  g 
frequent  source  of  deception  and  error,  Vi 
appear  like  Fig.  272  are  found  on  nearer  act 
Fig.  273,  ivith  an  easy,  open  valley,  and  perha 
ing  through  what  seemed  to  be,  "  beyond  que 


siiin:;  cif  this  kind  are  often  very  perfect,  ever 
[)1>servcr.  An  example  on  a  small  scale  (smal 
that  it  must  be  a  deception)  may  be  seen  in  a^ 
when  approachint;  Peekskill,  especially  in  tl 
when  the  lights  and  shades  are  such  as  to  p 
that  ii  is  a  closed  basin  without  further  outl 
to  be  on  record  that  it  deceived  Hendrjck  H 
iiiduct;d  liim  to  turn  back. 
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The  great  safeguard  against  errors  of  this  kind  is:  Form  a  complete 
picture  of  the  water-shed  over  the  area  to  be  reconnoitred,  so  that  it  is 
known  where  water  (ailing  on  it  anywhere  will  flow  to. 

1163.  7.  The  eye  often  deceives  itself  in  estimating  quantities,  for 
reasons  which  in  part  result  from  what  has  preceded.  Most  serious  con- 
sequences flow  from  this,  leading  to  the  abandonment  without  survey  of 
lines — especially  valley-lines — which  should  have  been  regarded  as  the 


mising  of  alt.  The  r'lot  of  the  difficulty,  in  addition  to  the 
luscs  of  deception  which  have  been  noted,  lies  in  the  inability 
of  the  mind  to  distinguish  (i)  between  what  seems  rough  and  what  is, 
and  (2)  between  what  is  rough  tor  foot  or  horse  travel  and  what  is  rough 

The  extent  of  the  first  cause  for  deception  will  be  better  appreciated, 
by  those  who  have  had  any  considerable  experience  in  construction,  if 
they  will  but  recall  what  a  tremendous  reduction  in  the  apparent  diffi- 
54 


850  CHAP.  XXVIII.— OCULAR  I, 

culty  of  work  follows  from  the  mere  act  o 
^ound,  even  if  there  were  nothing  on  it  bef< 
and  brush.  To  a  thoroughly  trained  eye  thi: 
able  difference,  yet  the  unconscious  feeling  of 
half  done." 

1163.  When  to  ordinary  timber  we  add  1 
growth,  making  progress  on  foot  exceedingi 
effect  is  increased.  We  are  apt  to  measure  dii 
circumstances,  so  that,  if  we  went  over  an  a^re 
per  hour,  and  of  90  miles  at  five  or  six  miles  | 
miles,  we  shall  finish  with  a  feeling  that  fully  1 
very  rough.  On  the  other  hand,  when  we  stri! 
rapidly  over  the  ground,  we  at  least  never  1 
which  we  walk  over  the  hill  to  take  a  glance  : 
of  easy  country  are  what  we  have  been  most  c 
most  vividly. 

In  Fig.  =74  we  have  a  sketch  of  a  ja^ed  re 
in  Fig.  27S  a  sketch  of  a  line  on  a  gently  rollit 
ten  will  be  rather  appalled  by  the  rocky  bluffs 
very  calmly;  yet  the  chances  are  very  strong  tl 
ley-bluff  line  will  be  the  cheapest,  in  addition 

t164>  This  results  from  the  fact  that  in  f< 
exceedingly  difficult  to  make  due  allowance 
HAS  MADE  OUR  FILLS.  It  may  be  necessary 
as  that  in  Fig.  274  pretty  hard,  but  never  vei 
have  done  very  much  work  on  it  we  have  « 
to  carry  the  line  past  it  on  a  fill,  even  in  a  rag 
are  not  obliged  to  hug  into  the  point,  as  on  ' 
running  our  line  above  all  supporting  groUB 
There  arc  no  hollows  beyond.  As  soon  as  we 
come,  probably,  to  a  narrow  but  sufficient  strcl 
rip-rapped  with  vL-getation,  and  ilready  standii 
there  are  any)  in  such  valleys  as  that  picturet 
levtl  of  high-water,  so  that  they  are  not  often 
mice  in  10  to  30  years),  or  else,  when  they  are 
mitted  to  a  destructive  current.  The  more  v 
nary  current  the  less  likelihood  there  is  thkt  1 
structivcly  overflowed.  If  overflowed,  the  curr 
bottoms  would  wash  away. 

'riK-ruforo,  when  we  liave  passed  the  rocky 
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comfortable  running,  and  can  get  a  good  alignment  until  we  come  to  the 
next  similar  point.  At  every  one  of  them,  although  we  are  thrown  out  to 
and  into  the  water,  Nature  has  provided  the  material  to  resist  the  water  on 
the  spot.  The  profile  of  such  a  line  is  very  apt  to  be  quite  light ;  rather 
deceptively  so  in  fact,  since  there  will  be  a  great  deal  of  work  in  protect- 
ing banks  and  working  very  steep  slopes,  which  will  not  show  on  the 
profile  at  all. 

1165.  On  the  other  hand,  in  Fig.  275,  gentle  as  is  its  general  effect,  we 
must  cut  into  our  hills  far  more  than  the  eye  will  appreciate  in  order  to 
avoid  enormous  fills.  If  the  slopes  be  at  all  steep  (they  might  well  be 
steeper  in  the  view  to  bring  out  the  effect  desired),  the  eye  when  reconnoit- 
ring will  underrate  the  depth  of  these  fills,  especially  from  a  distance,  by 
taking  a  mental  section  of  them  on  a  plane  normal  to  the  slope  instead  of 
on  a  vertical  plane.  The  loss  from  the  side-hill  slope  of  the  ground, 
likewise,  will  be  very  likely  to  be  under-estimated :  not  that  the  eye  will 
not  exaggerate  the  slope  of  the  ground  relatively  to  the  horizontal,  for  it 
will,  but,  by  a  seeming  paradox,  the  angle  of  the  ground  with  the  side- 
slopes  of  a  cut  or  fill  will  be  rather  underrated,  because  the  mind  men- 
tally exaggerates  the  latter  also,  and  still  more. 

It  is  almost  an  invariable  rule  that  fills  turn  out  deeper  than  they  are 
expected,  and  on  a  side-hill  line  most  of  the  water-ways  are  in  fills  of 
considerable  depth.  The  water  channels  are  also  more  ramified,  and 
hence  more  numerous,  on  high  slopes  than  lower  down  in  the  valleys, 
where  the  total  discharge  is  more,  but  the  water  has  collected  in  larger 
streams. 

Much  expense  can  be  saved  on  side-hill  lines,  and  danger  of  washouts  as 
well,  by  catching  the  water  in  a  ditch  at  or  a  little  below  g^rade  and  carrying  it 
under  the  road-bed  in  a  small  structure,  with  the  foundations  of  the  discharging 
end  of  the  structure  properly  secured,  instead  of  putting  the  structure  in  the 
very  bottom  of  the  gulch. 

1166i  Cul-de-sacs  are  another  incessant  source  of  deception  and  error,  al- 
though rather  due  to  negligence  or  inexperience  than  to  ocular  illusion  proper. 
It  constantly  happens  that  men  walk  into  them  as  a  mouse  into  a  mouse-trap, 
and  for  the  same  reason — blindly  following  one's  nose;  or  rather,  from  recon- 
noitring a  LINE,  foot  by  foot  and  mile  by  mile,  instead  of  an  area  as  a  whole.  A 
man  sees  a  beautiful  open  area  ahead  of  him  as  far  as  the  eye  can  reach,  prob- 
ably with  a  highway  through  it.  He  is  satisfied,  and  looks  no  farther,  until  he 
comes  to  the  end  of  it.  Then  it  is  too  late.  He  has  accepted  his  line  so  far 
as  a  finality,  and  knows  no  other.  He  assumes  that  he  can  do  nothing  better 
behind,  and  "  therefore"  must  get  out  of  his  trap  ahead  as  best  he  can.  Unless 
he  is  confronted  with  very  great  difficulties,  be  is  likely  to  do  so.     To  read  in 
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cold  print,  this  seems  an  improbable  bit  of  stupidity.     It  is  one  of  the  commoiv 
est  of  faults. 

1167i  A  single  instance  on  an  important  survey,  affecting  40  miles  of  line,, 
will  illustrate  how  it  happens.  In  a  very  broad  flat  valley  which  extended  for  six 
or -eight  miles  farther  a  dry  run  was  encountered.  It  was  assumed  to  drain  to 
the  west,  and  passed  as  of  no  moment.  It  really  drained  to  the  east,  through 
a  small  rocky  overlap  about  two  miles  off,  which  opened  out  half  a  mile  be- 
yond into  a  broad  open  valley  leading  directly  to  the  desired  terminus.  The 
cul-de-sac  gave  a  fine  line  as  long  as  it  lasted,  and  then  over  20  miles  of  rather 
heavy  work,  with  bad  grades  and  bad  curves,  yet  it  was  run  by  an  engineer  of 
large  experience,  and  came  very  near  being  built. 

1168.  Of  all  these  types  of  ocular  deceptions  there  are  many  varia^ 
tions.  To  thoroughly  guard  against  them  comes  with  experience  alone^ 
and  rarely  with  that.  Until  they  have  been  learned  by  experience,  and 
the  engineer's  "  personal  equation  "  determined,  very  wide  limits  of 
error  alone  can  be  safely  assumed.  Nevertheless,  provided  the  danger 
of  error  be  realized,  it  is  not  a  particularly  serious  one,  because  errors 
of  the  eye  will  be  checked  by  surveys.  The  greater  danger  is  that 
the  untrained  eye  will  tell  such  wholly  delusive  tales  as  to  make  the 
worse  appear  the  better  course,  and  cause  that  line  or  part  of  a  line  to 
be  rejected  without  survey  which  was  really  the  best.  To  guard  against 
this  danger,  and  not  to  advise  substituting  the  eye  for  the  precision  of 
surv'eys  except  within  known  limits  of  safety,  this  chapter  has  been 
written. 

1169.  A  single  example  of  the  way  in  which  ocular  illusions  and  some 
of  the  causes  mentioned  in  the  previous  chapter  may  combine  to  lead  to 
wrong  conclusions  by  errors  of  reconnaissance,  pure  and  simple,  may  be 
of  value  to  save  the  student  from  underrating  the  magnitude  and  im- 
minence of  the  dangers  against  which  he  has  been  cautioned.  It  sum- 
marizes the  facts  of  a  very  important  piece  of  line  on  which  a  number 
of  causes  combined  to  bring  about  calamitously  wrong  conclusions. 
Those  particular  causes  for  wrong  conclusions  against  which  cautions 
have  been  given  are  printed  in  italics.  The  map  is  modified  somewhat* 
but  the  other  conditions  are  in  no  way  exaggerated.  Appendix  C  con- 
tains another  example,  and  the  writer  had  made  a  list  of  nearly  a  dozen 
others  which  he  had  intended  to  annotate  similarly,  but  space  forbids. 

The  line  was  about  100  miles  long  from  A  to  G,  Figs.  276-7,  through 
a  region  of  much  difficulty  after  reaching  the  crucial  point  B  or  B\ 
where  an  exit  was  to  be  found  from  an  easy  open  basin  surrounding 
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A.  Ah  ttlaNished  and  much-tretvelUd  highway  followed  the  general 
route  seleaed,  ABCFG.  The  pass  B  was  a  little  easier  than  B".  and 
seemed  for  special  reasons  much  easier  tlian  it  was.  The  difficultiis  of 
eenttritctioH  were  dtslribuled  over  almost  the  entire  line  ACC,  so  that. 


Fic.  1 


althougli  a  costly  line  in  the  aggregate,  the  work  was  at  no  point  of  a 
specially  forbidding  cliaracter. 

Another  route,  AB'DEG,  for  these  and  other  more  pardonable  rea- 
sons, was  not  even  examined  until  too  late.     Tlie  pass  B'  was  slightly 
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<..L.   .lUi    I'-Jc  itihc'iit  Ji  approach.    Upon  reaching  it  the  outlookfor 
.->.     ^  vi.    .•«*     .«•  i>.  A.  .r.c  )a«i  J-.— which  was  indeed  visible  from  B,  but 

■ --    ■     -    \,  ■•*.'.' .4   :j    i  'Hi^:.  "^'jm  t/icU  disttince  awin^  to  an  overlap, 

\k.      L     i.  -  ':^::i  riui^e  appeareti  anbroken, — was  over  a  deep  and 
^  .    \l^. '.   ..x:  -V.  Aas  ::xc^eum^y  rcroidding.  admitting  of  easy  grades 

rv.'v:  :tj.v:er  'x-.r>,  ind  -vkt^k,  aliijfnment  to  get  them  than 
i;-.al  .er.;;:h  jn  tr.e  --*•!- -r  1  ce.  On  the  other  hand.  M/m- 
..  'u: rue: ton  -juere  conc^ncrziju  jn  this  short  stretch  of  6 
c?.  '"..;e  :ii  rough  the  p)as5  Z?  •  i/i.v/i  could  he  reached  from  B' 
.  ■•:.«.  ■":  itmculty  and  a  lon^  detcur.,  an  open  and  unobstructed 
.  ;:v..::cd  A  a  li^cht  and  straij^ht  surt'ace-Une  for  some  6o  miles  to 
:<_  .  t  .-.L  .1.  — d  traffic  of  sjxrcial  value  to  the  line  being  distributed  from 
At  E  a  valley  was  struck  leading  by  a  comparatively  easy  de- 
-v.:.:;i  iircctly  to  the  terminus  G,  whereas  tine  other  line  at//''was  so  high 
iji.  vc  :iic  valley  that  a  costly  side-hill  descen-  :n  a  heavier  grade  was  the 
.ii.y  rc><jun.c.  The  comparative  profiles  oi  :ne  -w.-  iines  are  shown, 
with'mt  exaj^j^eratinf(  the  contrast,  in  F:g.  277. 

The  (lolled  line  was  in  this  case  superior  in  every  detail,  unless  pos- 
>ibly  in  cost,  for  the  stretch  Ji'D,  although  not  over  3  miles  long,  was 
rn«»r«;  rosily  than  any  40  miles  on  the  other  line.  But  the  grades  were 
materially  better,  th(r  line  shorter  and  with  less  rarvTiture,  and  the  local 
rratii(  it  offered  was  many  times  more  valuable  than  all  on  the  other  line 
•lilt  i')j.M-iher. 

1170.  rhc  (ifror  on  reconnaissance  lay  in  fussing  the  pt^int  B  with- 
out (ompUrti-ly  iiivestij^atinj^  all  the  possibilities  of  the  line  B' D  before 
kavinu,'  it,  and  so  determining'  for  a  certainly  that  the  possible  line  tum- 
inj^  oil  ihrouj^h  the  ^ap  to  the  left  not  only  began  bad.  but  continued 
bad.  r)N(  K  HAViNO  PAssKD  THROUGH  /A  and  accepted  that  pass  as  a 
finality,  the  case  was  hopeless.  The  two  lines  then  speedily  diverged 
from  each  other  completely,  till  they  were  40  miles  apart  and  1500  feet 
different  in  elevation.  6' then  became  another  fixed  point,  from  which 
there  was  no  possible  escape.  F  and  H'  in  their  turn  followed;  and 
when  at  last  the  lon^  and  open  valley  £  came  within  sight,  the  false 
premise  that  />' ;;/;/.?/  fir  the  pass,  now  70  miles  behind,  made  it  a  legiti- 
mate and  logical  conclusion  that  it  offered  no  possibilities  for  considera- 
tion. 

1171,  Had  the  reconnaissance  happened  to  begin  from  C7,  the  error 
would,  in  this  particular  instance,  have  been  avoided,  for  the  natural 
line  6^ AV//>  would  almost  certainlv  have  been  followed  in  the  first  in- 
stance,  no  natural  line  whatever  existing  in  the  direction C?/^'/'',  so  that  a 
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large  portion  of  the  whole  cost  of  the  line  was  concentrated  on  the  initial 
stretch  CH'. 

This  very  circumstance,  however,  with  the  conditions  of  relative  ad- 
vantage reversed  (especially  with  the  pass  B  a  little  less  tempting  and 
no  highway  along  GFCA),  would  have  been  almost  certain  to  result  in  an 
error  precisely  similar  in  principle,  with  a  reverse  result.  Starting  at  G, 
the  fine  open  line  GEH  vtoM\d  have  been  followed  with  increasing  cer- 
tainty that  it  was  the  only  line  to  take,  the  possibility  dP/f' having  been 
turned  from  as  out  of  the  question  or  perhaps  impossible  (almost  cer- 
tainly the  latter  with  an  inexperienced  man,  for  it  took  much  skill  to 
obtain  it).  Arriving  at  D,  the  reconnoiterer  would  find  himself  in  a  cul- 
de-sac,  caught  in  the  mazes  of  his  own  negligence  and  hasty  preposses- 
sions. A  beautiful  line  was  behind  him,  but  8  miles  of  tunnels  and  via- 
ducts were  before  him,  from  which  there  was  absolutely  no  escape  with- 
out going  back  again  to  G,  mentally  as  well  as  physically,  and  picking 
out  the  line  GHFC,  every  foot  of  which,  while  nowhere  excessively  diffi- 
cult, was  a  forced  line,  resulting  from  having  got  into  the  hole  C  and 
having  to  get  out  of  it  somehow  in  the  direction  G,  Under  these  cir- 
cumstances, there  being  but  the  two  lines,  so  widely  separated,  it  would 
have  been  well-nigh  a  certainty  that,  had  the  reconnaissance  began  at 
G  instead  of  ^,  the  tempting  plains  GD  would  have  proved  an  even  more 
irresistible  bait  than  the  pass  B  to  bias  the  mind  against  fair  and  com- 
plete examination  of  even  the  possibilities  of  the  other  line. 

1172.  The  writer  is  able  to  give  no  more  apt  illustration  than  this  of 
the  importance  of  following  the  seemingly  over-minute  instructions  of 
this  and  the  preceding  chapter,  whether  because  of  the  importance  of  the 
instance,  or  because  of  the  salient  and  marked  topographical  features, 
which  do  not  confuse  the  mind  with  a  multitude  of  detail.  There  was 
just  one  point  on  the  line  of  reconnaissance,  and  that  point  one  affording 
a  most  forbidding  and  helpless  outlook,  where  there  was  reasonable 
chance  to  discover  the  error.  Guessing  that  an  overlapped  mountain 
eight  miles  off  had  no  pass  through  it,  and  that,  even  if  it  had,  the  ragged 
eight  miles  which  could  be  seen  meant  a  ragged  eighty  miles  beyond  it 
which  could  not  be  seen,  and  which  was  smooth  as  a  prairie,  caused  the 
error.  Examples  might  easily  be  multiplied  of  similar  errors,  and  some 
of  them,  as  in  the  instance  mentioned  in  Appendix  C,  of  much  greater 
magnitude.  Valley  lines  are  particularly  apt  to  be  rejected  in  this  way, 
without  thorough  examination,  because  of  supposed  obstacles  which  are 
largely  imaginary. 
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CHAPTER  XXIJ 

WHEN    TO   MAKE   8UR« 

1173.  The  reconnaissance  having  been  thoi 
the  must  important  part  oE  the  location  is,  in 
assuming  all  business  as  well  as  topographical 
carefully  weighed  as  is  possible  in  advance! 
tween  any  two  lines  H-hjch  cannot  be  deiecte 
can  hardly  be  a  viuil  one,  seriously  affecting  tl 

Nevertheless,  although  really  ruinous  erroi 
inadequate  amount  of  surveying  or  from  in 
nice  results,  good  or  bad  judgment  in  the  cc 
make  a  large  difference  in  the  earning  capai 
larger  difference  in  first  cost,— that  so  often  i 
original  projectors. 

1174.  Drawing  an  anal<^y  from  the  const 
reconnaissance  is  like  the  selection  of  the  sit 
mination  of  its  size  and  general  plan,  and  the  t 
close  guessing  at  the  cost  of  comparative  plai 
preparation  of  the  detail  plans  and  exact  esti 
struction  of  a  railway  is  like  the  construction 
details  have  been  determined. 

t17S.  The  seeming  paradox  is  yet  true,  th 
little  time  and  money  is  generally  devoted  to 
of  line  are  surveyed,  but  that  which  is  survey 
and  thoroughly  as  it  should  be.  Tlie  perhaps 
gerous  because  it  may  give  an  excuse  for  hasi 
elusions)  has  already  been  made  (par.  1128),  tha 
is  only  one  general  route  between  two  points 
of  sufficient  comparative  promise  to  justify ev 
good  and  certain  reasons  should  appear  for  f 
lines.  Doubtless  sometimes  there  may  be  rej 
or  more  lines,  but  the  writer  has  never  happ 
Considerations  of  policy,  however,  often  requii 
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ines  for  which  no  engineering  necessity  exists;  and  in  the  study  of  the 
letails  of  location,  over  distances  of  one  to  twenty  miles,  there  are  often 
L  dozen  or  more  different  lines  or  modifications  of  lines,  which  will  re- 
{uire  to  be  attentively  studied. 

1176.  The  true  method  of  determining  whether  or  not  there  is  need 

0  survey  more  than  one  general  route  is  this : 

Having  carefully  examined,  in  the  manner  detailed  at  length  in  the 
)receding  chapter,  every  possible  line,  and  having  gathered  as  full  details 
IS  possible  of  the  actual  cost  and  gradients  and  resulting  traffic  and 
earnings  of  other  lines  from  previous  experience  and  study  of  recorded 
esults,  a  maximum  and  minimum  estimate  should  be  made  of  each ; 
hat  is  to  say,  it  should  be  said  of  each,  **  This  line  will  apparently  af- 
ord  gradients  of  —  per  cent,  which  estimate  cannot  (guarding  well 
he  'cannot')  be  in  error  more  than  —  per  cent  either  way,  giving 

1  range  for  possible  error  of  judgment  of  from  —  to  —  per  cent.     Its 

:ost  will  apparently  be  about  $ ,  and  cannot  range  above  or  below 

his  estimate  more  than  —  per  cent  either  way.  It  will  reach  (such  and 
uch)  sources  of  traffic  more  (or  less)  than  the  other  lines,  which  cannot 

idd  less  than  $ per  annum  to  the  net  revenues  of  the  company, 

md  might  add  as  much  as  $ .     In  the  minor  details  of  distance, 

lurvature,  and  rise  and  fall  it  has  advantages  (or  disadvantages)  which 
nay  be  considered  as  liable  to  affect  the  future  revenues  per  annum  of 
he  company  by  from  $ to  $ ." 

If.  then,  after  making,  with  more  or  less  elaboration,  an  estimate  of 
his  kind  for  each  of  the  various  possible  lines,  it  be  found  that,  taking 
he  most  unfavorable  view  deemed  possible  of  that  line  which  seems  the 
)est,  it  is  still  a  better  line  than  the  most  favorable  possible  result  from 
iny  of  the  others,  it  is  a  waste  of  time  and  money  to  survey  more  than 
me  line. 

1177.  In  the  application  of  this  rule  there  is  real  danger  of  error,  but 
he  danger  lies,  not  in  the  rule  itself,  but  in  careless  or  over-confident 
ipplication  of  it ;  not  in  taking  mere  guesses  at  maxima  and  minima  as 
iecisive.  but  in  failing  to  make  the  limits  wide  enough.  Even  with  the 
nost  elaborate  precautions  all  human  judgment  is  fallible.  No  amount 
)f  surveys  will  do  much  to  prevent  an  incompetent  man  from  selecting 
ind  building  one  of  the  many  possible  wrong  lines  instead  of  the  one 
ight  line  which  he  should  have  chosen.  On  the  other  hand,  no  amount 
>f  skill  and  experience  will  make  a  man's  unassisted  judgment  as  to  the 
ibsolute  results  of  a  possible  future  survey  anything  more  than  the  rudest 
)i  rude  approximations.     Nevertheless,  the  most  inexperienced  engineer 
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limits  that  the  danger  lies, — ^ar 
erate  and  conscious  acting  u 
must  be  done  consciously  or  u 

1178.  Acting  upon  the  ml 
perienced  man,  moreover,  to  s 
that  it  should,  because  his  lim 
great  importance  attached  to 
curvature,  and  rise  and  fall  is 
ing.  In  these  details  large  i 
they  are  can  only  be  determin 
survey.  But  this  is  not  so  of 
do  surveys  help  to  develop  thi 

1179.  Even  in  the  case  of  li 
one  or  more  high  summits  an< 
ing  terminals  only,  it  will  in  ( 
ceptions — be  found  that  thoroi 
all  doubt  as  to  which  is  the  pr 
ing  extensive  examination.  1 
the  only  proper  place  for  the  '. 
of  nature,  and  the  lowest  pasf 
tion  by  the  barometer  and  stu 
advantages  of  routes  by  the  lo 
but  from  the  fact  that  at  such 
manageable  slopes,  a  greater  ] 
distance  to  pass  over  before 
country,  affording  favorable  ] 
from  Vera  Cruz  to  the  city  of 
example  on  an  immense  scale 
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wisely  without  surveys,  he  will  be  no  better  able  after  the  surveys  are 
completed.     But  to  this  rule  there  are  exceptions. 

fQ  1180.  In  such  cases  as  Fig.  278,  where  there  is  a  certain 

natural  line  which  manages  to  miss  three  or  four  consider- 
^  I  able  towns,  CDEF,  lines  running  to  and  into  those  towns 

should  always  be  run,  as  shown  by  the  dotted  lines,  whether 
*»^£  the  other  line  is  run  or  not.  This  is  a  very  common  case, 
because  towns  are  apt  to  be  in  hollows  or  otherwise  incon- 
venient of  access,  and  a  better  grade,  as  well  as  cheaper 
right  of  way,  can  often  be  had  by  keeping  away  frcim 
them. 
Q  /  I  The  dotted  line  in  Fig.  278  is  a  very  awkward  looking 

line  by  comparison  with  the  solid  one,  but  if  its  comparative 
length  be  carefully  measured,  it  will  be  found  to  differ  but  a 
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Fig.  379. 
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trifle  in  length  while  its  operating  advantages  are  materially  greater, 
unless  its  grades  should  be  decidely  against  it. 

1181.  In  such  cases  as  Figs.  279,  280,  the  line  running  through  BC 
should  likewise  be  always  run.  This  is  more  likely  to  be  done  with 
Fig.  279  than  with  Fig.  280.  In  each  the  distances  AB,  BC,  and  CD  are 
precisely  the  same;  but  the  angular  deviation  from  the  desired  direction 
is  greater  in  Fig.  280,  making  it  correspondingly  repellent.  By  varying 
the  intermediate  distances,  leaving  the  aggregate  the  same,  much  greater 
contrasts  can  be  obtained,  as  the  reader  can  find  out  in  a  rather  in- 
structive way  with  a  piece  of  black  thread  and  a  few  pins. 
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CHAPTER  XXX. 

THK   FIELD-WORK   OF  SURVEYS. 

1182.  In  general,  the  economical  manner  of  making  survejrs  of  a  roote 
which  it  has  once  been  decided  to  survey,  and  which  offers  any  appreci- 
able difTiculties,  is  as  follows: 

The  surveys  should  be  planned  from  the  banning  with  the  idea  that 
nf>t  less  than  three,  generally  four,  and  frequently  five,  successive  lines 
will  be  run  over  the  route  for  the  purpose  of  fully  completing  the  final 

location,    viz.:     An     KXPLORATION  line,    FIRST     PRELIMINARY,     SBCONI> 
I'RKMMINAkV,  FIRST    LOCATION,    FINAL   LOCATION.      The  attempt  tO  do 

with  less  than  this  on  lines  of  any  considerable  difficulty  is  false  economy; 
or  rather,  it  is  an  attempt  at  economy  which  does  not  usually  result  in 
any  real  saving  of  cither  time  or  money,  even  in  the  mere  direct  cost  of 
the  survey,  while  it  docs  seriously  endanger  the  excellence  of  the  com- 
pleted work.  Running  what  may  appear  to  be  so  many  lines  does  not 
ncrccssarily  involve  devoting  much  more  time  to  surveys,  but  only  dis- 
tributing the  work  somewhat  differently. 

1183.  /'/r.v/,  the  KXPLORATION  LINE,  Of  what  is  popularly  called  a 
"  shoo-fly"  line,  should  be  run  as  rapidly  as  possible  over  the  entire  route 
which  it  is  contemplated  will  ultimately  constitute  the  road.  In  the 
rase  of  very  long  lines,  circumstances  may  make  it  necessary  to  carry  on 
and  ( oinpktc  the  surveys  by  sections,  but  this  is  to  be  r^retted  and 
avoided. 

The  purpose  of  this  first  line  should  be  merely  to  get  a  general  idea 
of  the  topography  of  the  country,  and  especially  of  the  gradients,  and  it 
should  l)c  passed  over  all  alternate  routes  which  it  is  proposed  to  survey 
later  as  tlicy  i>re  encountered.  No  attempt  to  study  the  location  in  de- 
tail should  l>(>  made,  except  to  make  sure  that  the  line  being  passed  over 
is  ("(Ttaiuly  f('asil)le.  and  probably  on  the  most  favorable  ground  in  the 
vi(  initv.  (Spec  lally  in  respect  to  gradients. 

I'oi  this  line  a  nu*re  compass  line  will  not  only  answer  as  well,  but  is 
in  i^crui.il  decidedly  preferable  to  a  transit  line,  except  in  easy  open  coun- 
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:ry,  for  reasons  discussed  in  par.  1 185.  It  gives  a  mere  string  of  distances 
ind  elevations  from  which  to  construct  a  scheme  of  grades  and  lay  out 
:he  line  as  a  whole.  The  following  line  is  not  guided  by  it  in  any  ac- 
:urate  way,  nor  is  even  a  map  of  it  to  a  large  working  scale  generally 
worth  the  making. 

The  limit  of  speed  will  lie  in  the  levelling,  and  accordingly  two  rodmen 
ihould  be  used  if  there  be  only  one  leveller,  or  better,  two  complete  level 
parties  (especially  if  the  country  is  at  all  rough),  to  be  jumped  over  each 
Hher's  heads.  This  extra  force  does  not  expedite  the  work  enough  to 
Day  if  the  levelling  only  were  to  be  considered,  but  as  the  time  of  the 
xrhole  party  is  to  be  considered,  it  does  pay,  and  it  is  to  some  extent  a 
safeguard  against  errors,  as  the  levellers  are  not  so  hurried.  Sometimes 
in  extra  man  to  keep  notes,  with  two  rodmen,  may  be  preferable  to  two 
evel  parties.  ^ 

A  full-scale  profile  of  the  ordinary  form  may  or  may  not  be  made ; 
it  will  probably  be  a  waste  of  time  to  make  it  for  the  entire  distance; 
3ut  a  small  scale  profile,  to  about  one  tenth  the  usual  horizontal  scale 
ind  one  fifth  the  usual  vertical  scale  (par.  905),  should  by  all  means  in  all 
rases  be  made.  Fig.  281  shows  one  form  of  such  profile  for  a  completed 
"oad,  to  a  scale  of  about  one  inch  per  mile,  as  engraved,  which  was  origi- 
lally  4000  feet  per  inch,  or  ten  times  the  usual  profile  scale.  It  is  un- 
lecessary  to  encumber  a  similar  profile  for  location  purposes  with  details 
>f  the  minor  structures. 

Following  this  line  comes — 

1184-  Secondly,  THE  PRELIMINARY  LINE  proper  (which  may  be  two 
successive  lines),  which  is  to  serve  as  the  basis  for  the  final  location.  On 
;his  line,  in  all  but  very  easy  country,  careful  topography  should  be  taken, 
ind  taken  in  the  field,  in  the  manner  considered  in  Chap.  XXXI.  The 
purpose  of  the  preliminary  is  to  serve  as  a  framework  for  this  topog- 
raphy and  the  located  line,  and  it  is  run  to  follow  closely  the  ground 
where  the  location  is  likely  to  lie,  as  nearly  as  the  eye  can  estimate  it, 
ising  any  angles  which  come  handy  for  this  purpose.  Fig.  282  shows 
bow  a  very  well  located  preliminary  is  apt  to  lie  with  relation  to  the  lo- 
::ated  line,  being  very  close  to  it,  and  yet  entirely  independent  of  it.  The 
average  preliminary  will  diverge  from  the  location  more  than  that  shown. 

This  line  also  may,  without  any  serious  disadvantage,  and  with  cer- 
tain considerable  advantages,  be  a  compass  line,  if  any  time  is  thereby 
saved  to  be  devoted  to  more  important  matters.  The  only  advantage  of 
a  transit  line  (and  it  is  a  slight  one)  is  that  it  enables  the  map  to  be  some- 
what more  accurately  made.    The  located  line  does  not  coincide  with 
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the  preliminary  at  any  point,  unless  by  accident,  nor  is  there  any  inten- 
tion that  it  should,  nor  is  the  location  checked  by  the  preliminary,  to  any 
great  extent,  but  by  the  profile  and  topography. 


Fig.  382.— Preliminary  amd  Locatkd  Lini. 


TRANSIT  VS.  COMPASS  LINES. 

1185t  An  unreasonable  prejudice  exists  in  the  minds  of  some  engi- 
neers against  compass  lines,  because  of  a  false  assumption  that,  because 
there  is  a  certain  lack  of  precision  in  it,  the  work  is  therefore  inaccurate. 
On  the  contrary,  the  chances  of  substantial  accuracy  in  the  final  result, 
considered  as  a  whole,  are  better  with  the  compass  than  with  a  hasty 
transit  line  (it  being  assumed  that  no  local  attraction  exists),  since  large 
cumulative  errors  cannot  occur  in  the  one  case,  while  they  can  in  the 
other.    This  is  evident  if  we  consider  how  the  two  lines  are  run. 

A  compass  line,  strictly  so  called,  is  run  entirely  by  foresight,  guided 
by  the  needle  alone.  The  chief  of  party  goes  first,  accompanied  by  the 
*'  back  flag,"  who  is  now  a  front  flag,  and  picks  out  the  points  to  which 
to  run  (unless  a  straight  line  is  being  run,  where  the  line  is  given  from 
the  instrument  as  soon  as  the  compass  has  come  to  rest).  The  chain- 
men  follow,  the  head  chainman  behind,  chaining  in  a  straight  line  as 
nearly  as  the  eye  can  determine  from  the  point  where  the  instrument  is 
standing  toward  the  flag.  As  the  line  is  sighted  in  by  foresight  this  is 
near  enough  for  all  practical  purposes,  since  more  than  two  or  three 
inches  deviation  is  not  probable. 

The  transitman,  or  rather  comp>assman,  is  at  the  rear  of  the  whole 
party,  and  simply  takes  the  bearing  of  each  line  by  the  needle,  or,  if  a 
given  line  is  to  be  continued,  gives  the  proper  line  to  the  flagman  in  ad- 
vance as  nearly  as  it  can  be  determined  from  the  needle.  If  a  tree  or 
other  obstruction  is  met.  the  instrument  is  simply  moved  to  the  other 
side  of  it.  placed  on  the  same  line  prolonged  as  nearly  as  may  be  (it  may 
be  a  foot  or  even  two  or  three  feet  off),  and  reset  to  the  same  bearing.  If 
accurately  reset,  it  will  give  a  line,  not  the  same  as  the  original,  but  par- 
allel  thereto.    Usually  there  is  a  few  minutes'  error  in  each  bearing  to 
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one  side  or  the  other.  On  the  other  hand,  when  the  line  behind  is 
visible,  it  is  ver>'  common,  even  in  running  compass  lines  to  run  by  back 
sight  for  considerable  distances,  as  on  a  transit  line,  or  at  least  to  check 
the  bearings  thereby.  This  practice  does  not  especially  conduce  to  real 
accuracy,  however,  but  rather  the  contrary. 

1186.  A  transit  line,  on  the  other  hand,  is  run  entirely  by  back  sight, 
from  an  accurate  sight  on  a  plug,  and  all  angles  are  measured  exactly  by 
the  vernier.  It  is  very  much  more  precise  than  a  compass  line,  and  is 
the  only  suitable  method  for  running  in  location  lines,  and  the  only 
method  now  practised,  although  it  was  not  used  in  the  earlier  days  of 
railways.     It  has  these  disadvantages  : 

1.  It  requires  the  cutting  away  of  all  obstructions,  or  tedious  offsets 
around  them,  thus  causing  great  loss  of  time  and  needless  destruction  of 
vegetation. 

2.  Any  error  in  measuring  or  laying  off  an  angle  is  cumulative*  or 
continued  indefinitely  in  plotting  the  notes.  To  guard  against  this,  the 
anj^les  in  well-conducted  transit-work  are  always  checked  by  the  needle, 
but  nevertheless  this  danger  causes  frequent  annoyance  in  practice. 

3.  The  angles  measured  are  never  used  as  such  in  properly  conducted 
mapping,  but  have  to  be  reconverted  into  bearings.  This,  however,  is  a 
srr.^11  matter,  and  may  and  should  be  avoided  in  the  manner  described  in 
par.  1242. 

1187,  On  the  other  hand,  there  is  this  to  be  said  for  the  transit  line — 
that  it  is  not  unfrequent'.y  the  case  that  no  time  is  saved  by  using  the 
compass  instead  of  the  transit,  since  the  level  limits  the  rate  of  prog^ss 
in  any  case.  When  this  is  so.  it  is  undoubtedly  as  well  to  run  the  more 
accurate  line,  ar.d  wherever  there  is  danger  of  local  attraction  it  is  the 
only  proper  r,ne  to  run.  But  it  should  be  clearly  recognized  that  the 
transit  line  is  to  be  preferred  only  for  these  reasons,  and  that  wherever 
they  do  not  obtain,  the  true  eniiineerwill  immediately  adopt  the  compass 
instead.  The  not  infrequent  r.'/t:on  that  the  use  of  the  compass  is  dc« 
rrjc^atory  to  his  skill  an*^!  unworthy  of  him,  simply  because  it  is  less  pre- 
cise, is  absurd.  Under  the  doctrine  of  chances,  which  is  as  well  estab- 
iisr.ed  as  the  law  of  i:rav:ta:ion.  the  probable  average  error  in  a  series 
.  f  .observations  decrea-es  as  the  square  root  of  their  number.*  If  in  a 
.-'.n^ie  observation  it  be  :o  ft.,  in  100  observations  it  will  be  only  i  ft. 
e..i.h.  and  in  10.000  observat:  :^ns  only  o.i  ft.     For  all  the  legimate  uses 

f  t-reliminary  lines  ahey  are  sometimes  used  illegitimately)  such  errora 
:n  no  way  detract  from  its  value  and  utility. 

*  i.e.,  as  the  square  root  of  their  number  increases. 
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1188.  The  writer  has  not  found  that,  even  when  the  imperfections  of 
napping  are  reduced  as  they  should  be  by  the  use  of  large  scales,  the 
uperior  precision  of  the  transit  is  of  much  practical  moment,  and  he 
eels  a  preference  for  the  use  of  the  compass  on  preliminaries,  other 
hings  being  equal,  believing  that  it  is  easier  for  all  concerned,  and  that 
here  is  less  danger  of  giving  thought  to  splitting  tacks  with  the  cross- 
hairs which  might  better  be  given  matters  of  importance.  It  is  well  for 
he  locating  engineer  to  be  frequently  reminded,  especially  in  acquiring 
lis  training,  that  instrumental  accuracy  is  not  an  end  in  location,  as  in 
ordinary  surveying,  but  simply  a  means  to  an  end ;  that  a  thoroughly 
ixcellent  location  may  be  made  with  the  level  and  chain  alone  with- 
>ut  other  instruments,  and  that  a  bad  line  is  not  a  whit  better  for  being 
nstrumentally  precise.  No  angular  or  lineal  error  which  is  not  great 
:nough  to  affect  the  riding  of  the  locomotive  over  the  track  is  of  ulti- 
nate  importance,  while  on  the  other  hand  errors  of  judgment,  or  unwill- 
ngness  to  disturb  an  accurately  run  line  with  a  "  good  "  profile,  are  evils 
A  great  importance.  As  it  is  always  easier  and  in  the  end  less  costly 
o  be  accurate  than  inaccurate,  the  good  engineer  always  will  be  accu- 
ate  in  all  essentials,  but  he  will  not  waste  time  in  attempting  unneces> 
ary  precision  which  does  not  add  appreciably  to  the  final  value  of  his 
irork. 

1189t  The  levels  should,  on  the  preliminary  lines,  be  kept  correct  by 
becking  on  the  exploration-line  benches  and  re-running  all  doubtful 
ections,  at  any  seeming  cost  to  the  progress  of  the  survey.  No  time  is 
aved  in  the  end  by  doing  otherwise.  No  time  should  be  wasted  in  try- 
ig  to  keep  the  stationing  continuous. 

1190.  Whenever  the  country  becomes  quite  rough,  and  especially 
rhere  a  grade- line  is  to  be  fitted  to  the  ground,  the  preliminary  line 
hould  from  the  beginning  be  divided  up  into  two  by  running  a  first  and 
econd  preliminary.  It  might  seem  a  better  way  of  expressing  the  same 
ruth  to  say  that  whenever  it  is  found  that  any  section  of  the  preliminary 
oes  not  come  sufficiently  near  to  where  the  final  line  will  be,  it  should 
e  run  over ;  but  that  is  not  true,  and  that  plan  of  conducting  surveys  is 
lore  likely  to  result  in  loss  of  time  and  bad  work.  The  true  way  of 
onducting  surveys,  from  beginning  to  end,  is  to  recognize  in  the  begin- 
ing  where  there  is  likely  to  be  difficulty  and  to  run  additional  preliminary 
nes  COMPLETE  over  those  sections,  thus  gaining  opportunity  for  more 
areful  study  and  more  thorough  knowledge.  Even  then,  there  will  be 
ccasions  enough  when  it  will  be  necessary  to  "  back  up"  and  correct 
ilse  steps  from  time  to  time  on  all  the  lines,  to  doing  which  occasionally, 
55 
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of  course,  it  is  not  intended  to  object ;  but  in  cases  where  there  seems 
more  than  an  even  chance  that  the  "backing  up"  will  be  a  large  fraction 
of  the  advance,  it  is  always  good  practice  to  give  up  from  the  first  all 
idea  of  completing  the  preliminary  work  with  one  line. 

1191.  When  two  preliminaries  are  thus  run  in  succession,  they  should 
in  general  be  frequently  tied  together  and  plotted  on  the  same  sheets  so 
as  to  give  continuous  topography,  all  errors  in  the  plotting  (which  with 
good  work  should  be  small)  being  left  in  the  tie-lines,  and  the  angles 
and  distances  of  the  second  preliminary  not  distorted  to  make  a  fit. 

1192.  In  extreme  cases,  as  in  that  shown  in  Fig.  216  and  others,  the 
difficulties  of  location  are  so  great,  for  short  distances,  that  all  idea  of 
determining  the  final  location  from  lines  must  be  abandoned,  and  a  com- 
plete topographical  study  of  the  difficult  section  made,  after  the  fashion  of 
what  was  formerly  customary  on  surveys  for  English  railways.  But  such 
cases  are  very  rare,  and,  in  general,  working  from  single  lines  is  all- 
sufficient. 

1193.  Thirdly.  The  LOCATION  LINE.— This  line  also  should  in  general 
be  divided  into  two  and  done  twice  over,  complete. 

It  will  save  time  often  and  money  always,  and  is  the  only  safe  way  to 
insure  good  work,  especially  where  it  is  necessary  to  entrust  a  part  of  the 
work  to  men  of  little  experience.  The  first  location  should  be  made  ap- 
proximately correct  as  it  goes  along,  by  backing  up  to  correct  the  more 
serious  and  evident  defects,  but  it  is  far  better  that  all  minor  changes 
and  modifications  should  be  merely  studied  and  thought  over  as  the  first 
location  advances,  and  that,  after  completing  the  first  line  and  taking 
adequate  cross-sections  of  it  or  of  a  considerable  part  of  it,  the  party 
should  be  recalled  to  run  the  whole  of  it  over  again,  aided  by  its  plotted 
cross-sections. 

1194.  This  results  not  only  from  the  direct  advantage  of  having  the 
details  of  the  whole  line  at  once  to  study,  but  from  the  fact  that  the 
problem  is  studied  more  coolly  and  dispassionately,  with  the  aid  of  more 
extended  knowledge  and  experience  (the  whole  party  being  now  skilled 
in  their  work),  and  without  that  strong  inducement  to  tolerate  bad  work 
and  "  let  well  enough  alone"  which  is  derived  from  the  tedious  and  fret- 
ting process  of  "backing  up."  A  little  consideration  of  the  weaknesses 
of  human  nature  will  make  it  clear  why,  for  many  reasons,  this  should  be 
so  ;  and  the  writer  cannot  urge  too  strongly  that  really  good  work  can- 
not be  otherwise  secured,  under  the  conditions  which  usually  prevail. 
Unnecessarily  sharp  and  frequent  curvature  will  be  left  in  the  line;  side- 
hill  work  on  steep  slop)es  will  have  its  centre  line  a  foot  or  two  out  of  its 
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proper  place,  and  be  unnecessarily  heavy ;  rock  cuts  will  be  run  into  to 
aave  fills,  and  many  similar  imperfections  be  left  in  the  line,  which  are 
not,  indeed,  of  great  comparative  moment  to  the  line  itself,  since  they  do 
not  injure  its  earning  capacity,  but  which  are  often  of  serious  moment  to 
the  temporary  owners  of  the  line,  by  increasing  its  first  cost  beyond  the 
limits  of  their  means,  so  that  it  finally  passes  out  of  their  hands. 


ORGANIZATION  OF  PARTY. 

1195t  A  locating  party  should  be  full-handed,  especially  in  the  lower 
ranks.  To  do  otherwise  is  false  economy.  The  organization  should  in 
general  be  as  follows  : 

1.  Chief  of  party,  with  nothing  to  do  except  to  keep  his  eyes  open. 
Even  in  the  easiest  country  it  is  mistaken  economy  to  attempt  to  have 
him  run  the  transit,  and  it  is  now  rarely  attempted. 

2.  The  transit  party,  consisting  of  transitman,  head  and  rear  chain- 
man,  back-flag,  stakeman,  and,  in  wooded  country,  a  superabundance  of 
axemen.  From  four  to  eight  can  be  advantageously  used  where  there  is 
much  wood.  At  least  one  besides  the  stakeman  is  generally  economy, 
even  where  there  is  no  clearing. 

3.  The  level  party,  consisting  of  leveller,  rodman,  and,  in  wooded 
country,  one  axeman  and  peg-maker.  In  open  country  this  axeman  is 
unnecessary ;  but,  on  the  other  hand,  in  such  country,  since  the  level 
limits  the  speed  of  the  whole  survey,  two  rodmen  can  generally  be  em- 
ployed to  advantage,  since  they  expedite  the  work  somewhat. 

4.  The  topographical  party,  varying  from  one  to  three  or  four  men, 
according  to  the  country.  This  party  is  usually  not  full  enough  for  true 
economy. 

5.  The  transportation  and  camp  outfit,  in  a  full  party  usually  consist- 
ing of  a  cook,  and  one  or  more  teamsters,  with  a  commissary,  who  looks 
after  all  camp  movements  and  expenses. 

Thus  a  fully-organized  locating  party  in  difficult  country  will  often 
consist  of  as  many  as  20  or  24  men  ;  but,  on  the  other  hand,  in  thickly- 
settled  regions  and  easy  country  often  not  more  than  8  or  10  are  neces- 
sary. 

RUNNING  IN  THE  LOCATION. 

1196t  In  smooth  and  nearly  level  regions  the  notes  for  the  location 
line  may  be  made  up  from  the  notes  of  the  preliminary  surveys,  almost 
without  mapping  them  at  all,  and  certainly  with  very  little  topography. 
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Ordinarily,  however,  a  narrow  belt  of  topography  is  both  expedient  and 
necessary.  If  the  preliminary  work  has  been  skilfully  conducted,  it  will 
need  to  be  but  narrow.  On  this  topography  a  "  paper  location"  is 
made,  in  the  manner  we  shall  consider  later ;  full  notes  of  the  projected 
alignment,  and  of  the  points  of  curve  and  tangency  taken  off,  and  a  pro- 
file of  the  paper  location  made. 

The  purpose  of  the  location  field-work  \^,  firsts  to  put  this  i>aper  loca- 
tion on  the  ground  so  as  to  afford  at  least  as  good  a  profile  as  the 
"  paper"  profile,  and,  secondly,  to  study  the  line  thus  put  upxDn  the  ground 
in  more  detail  than  was  possible  before  the  precise  position  of  the  line 
had  been  so  accurately  fixed. 

In  running  in  the  notes  of  such  a  paper  location,  the  most  experienced 
chief  of  party  never  expects  that  the  notes  can  be  followed  in  the  field 
without  some  slight  correction  at  almost  every  curve.  The  profile  will 
be  found  to  be  running  too  high  or  too  low;  errors  in  the  field-work  and 
the  topography  will  be  discovered ;  new  changes  of  alignment  will  sug- 
gest themselves,  and  in  other  ways  changes  will  be  made.  Nevertheless, 
the  correspondence  in  general  will  be  very  close ;  so  much  so  that  it  will 
be  difficult  to  distinguish  the  paper  and  actual  location  profile.  They 
may  both  be  wrong  and  bad,  but  they  are  apt  to  agree  with  each  other 
quite  closely. 

1197.  No  new  topography  should  be  taken  with  this  line,  but  instead 
of  it  cross-sections  only,  extending  from  30  to  100  feet  on  each  side, 
according  to  locality.  These  cross-sections  should  be  plotted  as  closely 
together  as  clearness  permits,  with  THE  EVEN  STATIONS  AT  UNIFORM 
uibTAXCKs  APART,  even  at  the  expense  of  crowding  the  sections  so  that 
they  overlap  each  other  greatly,  which  does  no  particular  harm.  The 
character  of  the  material,  and  especially  the  precise  limits  of  the  rock, 
should  be  carefully  determined.  Boring  tools  of  many  different  forms 
(the  simplest  of  which  is  the  common  post-augur)  are  readily  obtained, 
by  which  it  may  be  positively  determined  where  the  rock  lies,  at  no  great 
cost,  and  much  perhaps  needless  expense  saved.  It  is  a  verj-  common 
thinc,^  to  have  shallow  rock-cuts  turn  up  in  the  bottom  of  excavations, 
which  are  always  disproportionately  expensive,  and  often  might  as  well 
as  not  have  been  avoided  altogether. 

Aided  by  these  cross  sections,  the  location  should  be  carefully  re- 
stud  lod,  not  by  the  construction  parties,  who  have  other  things  to  think 
of  and  are  often  incompetent  for  the  work,  but  by  a  location  party  who 
re-run  the  entire  line  complete.  There  will  still  be  chances  enough  for 
the  construction  engineer  to  improve  on  it. 
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1198.  This  last  work  especially,  and  in  fact  all  running*of  curves  and 
tangents,  is  greatly  facilitated  by  the  use  of  a  proper  system  of  transition 
curves.  What  transition  curves  are,  and  why  they  can  never  be  omitted 
if  an  easy-riding  road  is  to  be  obtained,  have  been  already  stated  (pars. 
279-81).  and  the  proper  method  of  running  them  in  is  given  in  the  field- 
book  which  follows  this  volume.  It  would  lead  us  too  far  to  attempt  it 
in  this.  The  nature  of  the  advantage  which  they  g^ve  in  making  a  good 
location  is  this  : 

All  transition  curves,  by  whatever  method  they  are  run,  must,  from 
their  ver>'  nature,  have  the  form  shown  in  Fig.  283.    The  actual  tangent 

must  lie  parallel  with 
and  outside  of  (at  a 
griven  offset  from)  what 
would  be  the  tangent  if 
the  main  curve  were 
prolonged  to  include 
the  whole  angle  turned. 
In  all  the  systems  of 
transition  curves  which 
have  been  put  before  the 
public  by  others  than 
the  writer,  so  far  as  he 
knows,  these  offsets  are 
Fig.  aSa—TvpicAi.  Transition  Curvb.  fi^ed.  which  makes  run- 

ning them  in  a  considerable  addition  to  the  field-work,  but  even  then 
they  are  likely  to  have  a  certain  beneficial  effect  on  the  construction,  for 
the  reason  that  the  curves  of  natural  slopes  generally  ease  themselves  off 
in  this  manner. 

1199.  But  in  any  entirely  satisfactory  system  of  transition  curves  any 
offset,  great  or  small,  within  wide  limits,  should  be  capable  of  use  with 
any  curve,  because  it  will  very  materially  add  to  the  flexibility  of  the  line 
and  facilitate  its  adaptation  to  the  topography.  If  we  consider  the  tran- 
sition curve  as  a  cubic  parabola,  the  only  /difference  which  the  offset 
makes  in  the  curve  is  to  increase  its  length  in  proportion  to  the  square 
ROOT  of  the  offset,  so  that  if  the  latter  be  four  times  as  great  the  curve 
will  be  twice  as  long.  In  any  case,  the  curve  remains  a  cubic  parabola, 
and  is  readily  put  in,  either  directly  with  the  transit,  as  the  line  reaches 
it,  by  methods  similar  in  their  nature  to,  and  quite  as  simple  and  easily 
remembered  as»  those  for  running  circular  arcs,  or  by  offsets,  after  ma- 
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ning  in  ihe  full  circular  arc  from  an  oSsctti 
Fig.  283- 

The  former  of  these  methods  is  generally  i 
and  the  latter  for  small.  The  immense  adi 
gives  for  making  the  finer  adjust- 
ments of  the  line  may  be  made 
evident  by  one  or  two  illustrations, 
but  it  should  be  remembered  that 
the  chief  objea  of  the  curves  is 

not  to  facilitate  location,  but  to     Ja 

obtain  a  line  which  trains  will  run  •^'T       I 
over  smoothly.  *  ! 

1300.  Example  i.  It  is  found 
to  be  desirable  to  swing  a  located 
tangent,  Fig.  284,  in  3  ft.  at  a  and 
out  3  ft.  at  b. 

The  angle  between  the  old  and 
new  tangent  can  be  at  once  calculated.  Thei 
must  be  extended  (in  Fig.  384 — or  cut  off,  h; 
been  in  the  other  direaion)  by  the  same  an 
once;  the  oRset  determined  by  measure,  whi 
corresponding  transition  curve  put  in  by  offsc 
new  tangent ;  or  the  tangent  points  /  and  1 
determined  and  the  transition  curve  run  in  b; 

1201.  Example  2.  It  is  desired  to  take  o 
Fig.  285.     Governing  points  which  it  seems  ( 
pass  through  are  a  and  b,  at  any  oS- 
set  from  any  point  on  the  tangent.  ^^^ 

The  angle  hetween  the  new  and  y^ 
old  tangent  can  be  calculated  as  be- 
fore; the  curves  extended  or  reduced 
by  an  equal  angle,  the  actual  offsets 
measured,  and  the  proper  transition 
curves  put  in.  If  the  change  has  been 
well  planned  and  the  conditions  are 
at  all  favorable,  the  two  curves  will  come  vei 
point  near  the  middle  of  the  tangent. 

If  it  leaves  a  little  tangent    between  tt 
greatly  matter.    The  two  desired  ends  will 


V. 
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I.  The  two  shocks  to  the  train  in  entering  and  leaving  the  tangent 

will  have  been  avoided. 

2.  The  ugly  appearance  of  a  broken-back 
curve,  which,  owing  to  the  abrupt  transition 
from  curve  to  tangent,  always  has  the  appear- 
ance of  being  out  of  line  and  somewhat  re- 
versed, will  have  been  corrected. 

If  the  two  transition  curves  of  the  required 
lengths  for  the  offset  chance  to  overlap  ea^h 
other  even  by  a  considerable  distance  it  will 
not  much  matter.  It  simply  introduces  (for 
reasons  which  cannot  be  given  here  without 
discussing  the  whole  theory  of  the  curve)  a 
short  CIRCULAR  ARC  of  Very  long  radius  be- 
Fig.  a86.  tween  the  two  transition  curves. 

1202.  Example  3.  A  curve  is  found  not  to  lie  on  precisely  the  right 
ground.  It  is  desired  to  throw  it  out  two  feet  at  a,  and  in  3  feet  at  b. 
Fig.  286. 

This  implies  that  there  will  be  a  certain  points,  at  which  the  new  and 
old  curves  will  coincide.  The  whole  curve,  radii,  centres  and  all,  will  be 
practically  rotated  around  c.  The  distances  ca  and  cb  can  be  deter- 
mined by  the  proportion 

ca\cb  \\  offset  a  :  offset  b. 

The  angle  of  rotation  is  readily  calculated  by  computing  the  change 
in  position  of  the  chord  ab,  and  from  these  notes  we  may  either  start  at 
c,  and  run  in  the  new  curve,  or  start  at  a  or  b,  or  compute  the  new  posi- 
tions of  the  original  P,  C.  and  P,  T, 

If  the  new  curve  is  found  to  crowd  too  closely  upon  or  to  overlap  the 
tangents  we  must  change  the  latter  also.  This  we  do,  however,  entirely 
independent  of  the  curve,  if  it  appears  desirable  to  do  so ;  putting  the 
tangent  upon  the  ground  which  will  suit  it  best,  measuring  the  actual 
offset  which  the  locations  chosen  give,  and  then  putting  in  the  corre- 
sponding transition  curves. 

1203.  These  examples  will  illustrate,  as  well  as  more,  the  peculiar  ad- 
vantage of  transition  curves,  thus  used ;  that  they  enable  each  part  of  the 
line  to  be  studied  and  modified  in  detail,  independently  of  the  rest;  and 
the  new  and  old  lines  to  be  then  connected  together  in  what  is  at  once 
the  very  best  possible  and  the  simplest  possible  way,  without  any  of 
the  puzzling  geometrical  problems  and  the  confusing  field-work  which 
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are  as  apt  to  result  from  slight  changes  as  great,  if  certain  geometrically 
exact  connections  at  all  points  of  circular  arcs  are  taken  as  essential. 

Differences  of  offsets  of  20  ft.  or  more  are  readily  admissible  under 
this  plan,  and  in  projecting  location  it  is  unnecessary  to  consider  what 
the  actual  offsets  will  be.  Figs.  208,  216,  and  others  illustrate  how  this 
is  done.  The  advantages  of  the  method  in  such  rough  localities  are  evi- 
dent from  those  engravings,  and  these  advantages  become  even  greater 
if  one  knows  how  to  save  unnecessary 
trouble   in   field-work,  which   will  not  .]  ■ 


tell  beneficially  in  the  final  result.  "iV-ff"''^?*" 

1204.  As  a    single  example,   if  one  /\  - 
has    a  curve    formerly  terminating    at      /*       \  D* 
Ty   Fig.    287,  which  is  to  be  extended                   \      ^ 
to  T'  in  order  to  connect  with  the  tan-                       \    | 
gent  00  ;— to  determine  the  offset  O  \X.                        \J 

is  quite  unnecessary  to  run  in  /''with  Fic.  «87. 

a  transit.    The  offset  Oo  to  the  old  point  T  may  be  measured  Instead. 

Then  will 

0=  Oo  —  o,        and  ^S^o  --^  |/i'P, 

in  which  D  =  the  degree  of  the  curve,  n  =  the  distance  in  stations  from 
the  tangent  point  T'  to  the  point  where  the  offset  to  the  curve  is  de- 
sired, and  0  =  the  desired  offset. 

1205,  This  latter  formula  is  one  of  the  most  useful  of  all  location 
formula:;,  beinjjj  almost  indispensable  for  the  correct  and  expeditious 
conduct  of  tield-work.  It  is  closely  approximate  (in  all  cases  sufficiently 
so  for  what  is  required)  within  the  widest  possible  range  of  values  of  D 
and  ;/,  and  it  is  one  of  the  few  formulae  which  should  be  indelibly  en- 
jj^raven  in  the  memory  of  every  locating  engineer,  ready  for  instant  use 
It  applies  equally  well  for  offsets  from  one  curve  to  another  having  a 
common  tangent  point,  letting  D  =  the  difference  in  the  degree  of  cur- 
vature. 
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CHAPTER  XXXI. 

topography:  its  uses  and  abuse. 

1206t  Topography,  in  the  limited  technical  sense  of  the  word  which 
18  given  to  it  in  railway  location,  is  the  representation  upon  a  map  by 
*•  contour  lines"  of  the  comparative  or  absolute  elevations  on  the  area 
covered  by  the  map.  In  a  broader  and  more  literally  correct  sense,  it  in- 
cludes the  representation  of  all  the  details  of  the  surface  by  any  method 
whatever,  including  its  form,  character,  and  artificial  structures. 

Topography,  in  the  broader  sense,  may  be  represented  approximately 
either  by  hatchings  or  "  hachures,"  or  by  washes  of  color.  Very  beauti- 
ful effects  may  be  produced  in  this  way  by  skilled  and  patient  work,  but 
the  results  are  only  of  pictorial  value,  to  give  a  general  idea  of  the 
region,  and  are  of  no  assistance  for  the  details  of  location.  Topography, 
when  spoken  of  in  connection  with  the  latter,  means  an  exact  repre- 
sentation of  the  form  of  the  surface,  so  that  the  elevation  of  any  point 
can  be  determined  from  the  map,  and  hence  a  line  be  drawn  on  the  map 
and  a  profile  of  it  called  ofT,  as  well  (barring  a  margin  of  error)  as  if  the 
line  had  been  run  in,  and  levels  run  over  it,  in  the  field.  Figs.  208,  216, 
and  others  are  representations  from  actual  practice  of  such  maps,  re- 
duced photographically  from  the  working  scales. 

I207t  The  nature  of  contour  lines  may  be  thus  explained :  Conceive 
a  certain  area,  the  topography  of  which  is  to  be  taken,  to  be  entirely 
flooded  with  water.  Conceive  the  level  of  the  surface  of  this  water  to 
be  lowered  by  a  certain  fixed  distance,  say  ten  feet  at  a  time.  At  each 
lowering  of  the  water  a  new  shore-line  would  be  developed :  The  con- 
tour lines  are  these  imaginary  shore-lines.  If  the  slopes  be  very  steep 
these  successive  shore-lines  will  be  at  small  distances  from  each  other 
horizontally.  If  the  slopes  be  flat  they  will  be  at  greater  horizontal  dis- 
tances, and  if  the  slopes  are  very  flat  they  will  be  at  very  great  distances 
apart,  and  only  a  few  will  appear  on  a  moderate  area.  Thus  the  lower 
part  of  Fig.  288  shows  a  contour  map  of  a  slightly  oblique  cone,  and  the 
lower  part  of  Fig.  289  a  similar  contour  map  of  a  hemisphere.  In  each 
case,  if  the  nature  of  contour  lines  has  been  grasped,  they  enable  the 
mind  to  form  a  very  correct  picture  of  the  form  of  the  surface. 


2.  Various  projects  can  be  9 
different  changes  considered  at  i 
compass  in  a  moment,  and  three 
eiit  positions  almost  as  quickly, 
day's  hard  work  to  run  in  on  i 
were  run  that  tliey  would  lie  cor 

3.  By  dotting  on  the  grade-( 
plane  of  the  road-bed  cuts  the  n 
once  whether  the  alignment  Is  : 
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3.  They  afford  no  evidence  of  material. 

4.  They  do  not  impress  upon  the  mind  the  magnitude  of  the  works 
projected,  as  it  does  to  study  the  actual  surface. 

5.  They  are  of  assistance  only  for  doing  the  least  important  part  of 
the  work,  making  the  first  approximation  to  the  detailed  location  of  the 
line. 

These  and  other  difficulties  which  we  shall  shortly  consider  are  like* 
wise  great  and  valid  ones.  They  indicate  what  is  the  fact,  that  topog- 
raphy has  both  its  uses  and  abuses,  and  which  predominates  is  often 
the  subject  of  heated  discussion. 

1210.  In  such  discussions  one  is  reminded  of  the  old  fable  of  the  two 
knights  who  fell  to  fighting  over  the  shield  which  seemed  gold  or  silver 
according  to  the  "  point  of  view  ;"  for  the  disputed  question  is  emphati- 
cally one  of  the  same  kind.  It  is  only  by  losing  sight  of  one  side  or  the 
other  that  one  becomes  a  strong  partisan  of  either  view. 

The  difference  between  the  two  views,  in  fact,  is  more  imaginary  than 
real.  On  the  one  hand,  there  are  no  engineers  of  any  standing  or  ex- 
perience who  believe  that  location  offering  any  difficulties  can  be  made 
to  advantage  in  any  other  way  than  from  topographical  notes  embodied 
in  a  more  or  less  elaborate  topographical  map ;  while,  on  the  other  hand» 
there  are  no  engineers  of  experience  who  would  think  of  claiming  that 
more  topography  than  is  really  necessary  for  intelligently  completing  the 
location,  and  making  sure  that  it  is  correct,  should  be  taken. 

The  true  question  to  be  decided,  therefore,  is  simply  how  much 
topc^aphy  should  be  taken,  and  where  the  line  should  be  drawn.  There 
is  no  such  difference  of  opinion  as  would  appear  from  an  error  into  which 
many  have  fallen — an  error  which  well  shows  how  completely  the  views 
of  those  who  take  one  side  of  this  question  are  misapprehended  by  those 
who  think  they  disagree  with  them  ; — that  is  to  say,  there  is  no  class  of 
engineers  who  attempt  to  make  a  final  location  assisted  by  the  natural 
eyesight  alone,  or  in  any  other  way  than  by  working  from  a  preliminary 
line  as  a  basis,  which  is  intended  to  lie,  and  if  skilfully  run  does  lie,  very 
close  to  the  line  on  which  the  final  location  is  placed,  as  in  Fig.  282. 

1211.  To  mark  the  limits  of  the  debatable  ground  still  more  closely, 
it  cannot  be  reasonably  questioned  (i)  that  in  proportion  to  the  skill  of 
the  engineer  the  preliminary  line  (often  at  difficult  points,  necessarily,  the 
result  of  two  or  three  trials)  will  approximate  more  and  more  closely  to 
where  the  final  location  will  ultimately  lie ;  (2)  that  it  should,  and  in 
general  will,  lie  nearer  than  300  or  400  feet  as  an  outside  limit ;  (3)  that 
the  placing  of  this  preliminary  line  upon  the  ground  is  and  must  be 
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purely  a  matter  of  individual  "  eye  for  country"  and  good  judgment;  and 
(4)  that  the  really  vital  and  dangerous  errors  of  location,  the  selection  of 
the  general  route,  the  system  of  gradients,  the  going  to  or  passing  by  the 
local  towns,  etc.,  etc.,  are  committed,  if  committed  at  all,  before  any  to- 
pography whatever  has  been  taken,  in  locating  this  preliminary  line ;  the 
usefulness  of  the  topography  beginning  only  after  the  more  momentous 
question  of  where  to  put  the  preliminary  has  been  decided,  and 
serving  only  for  the  more  ready  and  perfect  adjustment  of  details — de- 
tails which  have  an  important  effect  upon  the  cost  of  construction,  in- 
deed, but  do  not  otherwise  seriously  modify  the  earning  capacity  of  the 
line. 

1212.  The  remaining  ground  for  difTerence  between  extreme  advo- 
cates of  either  view  is  this  :  The  extreme  believer  in  topography  is  indif- 
ferent to  getting  his  preliminar)'  very  near  to  its  ultimate  location,  look- 
ing upon  400  or  500  feet  average  distance  apart  as  near  enough,  and 
takes  or  causes  to  be  taken  a  wide  belt  of  accurate  topography  to  save 
the  need  of  a  now  or  a  better  preliminary.  But  the  advocates  of  the  other 
view  say,  **No;  the  engineer  who  can  be  trusted  to  put  a  preliminary 
line  within  even  500  feet  of  the  true  location  can  and  ought  to,  in  gen- 
eral, put  it  much  nearer;  or  if  not,  it  is  cheaper  to  put  a  new  line  through 
still  closer  to  the  ultimate  location  than  to  take  so  wide  a  belt  of  top<^- 
raj)liy.  Hy  one  method  or  the  other,  the  good  engineer  can  and  will 
brin^  the  line  so  near  to  where  his  location  should  lie,  that  the  top(^- 
raphy  which  he  will  really  need  will  be  only  a  very  narrow  belt — usually 
no  more  than  a  few  series  of  cross-sections,  and  hardly  amounting  to  a 
topoi;raphic;il  map  at  all." 

1213.  The  truth  lies  between  these  two  limits.  Since  the  amount  of 
topography  ultimately  needed  and  used  (when  its  use  is  not  abused  by 
making  it  serve  as  a  substitute  for  the  careful  placing  of  the  preliminar)*) 
can  l)e  seen  on  any  lo(  ation  map  to  be  ver)'  little,  covering  a  map  all 
over  with  accurate  topoi(raphy  is  a  sign  of  weakness  and  not  of  strength. 
On  the  other  hand,  accurate  topographical  contour  lines  for  a  reasona- 
ble and  moderate  distance  on  each  side  of  the  line  are  an  immense  as- 
sistance for  the  ready  projection  of  lines,  and  at  points  can  hardly  be 
dispensed  with.  It  is  also  an  important  truth  that  the  usefulness  of 
toi'OLTraphy  is  not  confined  simply  to  that  portion  of  it  which  is  used  to 
projci  t  the  line  adopted,  but  extends  also  to  the  portion  which  enables 
one  to  make  sure  that  no  other  and  better  alignment  might  have  been 
ad-.iitc'l.  However  contident  an  engineer  may  feel  that  he  has  in  fact 
studied  his  w.irk  to  the  best  of  his  ability,  he  owes  it  to  himself  and  to 
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his  employers  to  have  the  ocular  evidence  of  that  fact  before  him,  to  be 
placed  before  others  if  need  be ;  and  it  rs  but  reasonable  that  no  study  of 
the  ground  alone,  unassisted  by  accurate  maps,  can  be  as  complete  as 
one  which  has  been  so  assisted.  Yet,  on  the  other  hand,  it  is  even  more 
emphatically  true  that  no  study  of  maps  alone,  unassisted  by  study  of  the 
ground  in  detail,  both  before  and  after  the  making  of  the  maps,  can  be 
as  complete  as  it  should  be. 

1214t  No  skilled  engineer,  even  among  those  who  are  strong  believers 
in  the  proper  use  of  contour  maps  will  approve  of  such  elaborate  reli- 
ance upon  maps  alone,  as  is  sometimes  taught  and  advocated ;  such  as 
taking  the  nicest  precautions  for  computing  notes  for  8  or  10  miles  of 
location  at  once,  so  that  it  shall  fit  geometrically  onto  the  preliminary, 
and  so  dispense  with  renewed  and  more  detailed  study  of  the  ground. 
Not  but  that  the  field-work  and  mapping  might  be  done  so  accurately 
that  this  would  be  all  that  would  be  necessary,  and  not  but  that  much  of 
a  location  so  made  may  prove  on  examination  to  be  beyond  improve- 
ment, at  least  by  the  same  engineer  ;  but  that  for  practical  reasons  it  is 
inexpedient  to  rely  so  largely  upon  paper  location.  Among  these  rea- 
sons are — 

1215.  I.  As  above  suggested,  the  length  and  depth  of  cuttings,  and 
especially  the  classification,  do  not  impress  themselves  upon  the  mind  so 
forcibly  in  studing  a  topographical  map  as  in  studying  the  ground,  and 
hence  as  great  efforts  will  not  be  made,  practically,  to  avoid  this  danger 
when  the  principal  study  of  the  details  of  the  line  is  made  upon  the  maps 
as  when  the  paper  location  is  looked  upon  as  at  best  nothing  more  than 
a  close  approximation,  and  the  last  study  of  the  ground  is  made  with 
the  rock-cut  staring  one  in  the  face,  or  on  large  scale  cross-sections. 

1216.  2.  A  very  dangerous  error,  which  the  best  engineers  find  it  hard 
to  avoid  altogether,  is  especially  hard  to  avoid  in  making  paper  loca- 
tions, which  is,  to  regard  a  certain  horizontal  approximation  to  the 
GRADE-POINTS  as  about  the  proper  thing,  thus  leading  to  altogether  too 
much  curvature  and  respect  for  the  contours  in  easy  country,  and  alto- 
gether too  little  of  both  at  the  more  difficult  points.  The  watchful  en- 
gineer finds  himself  drifting  into  this  error  continually,  guard  against  it 
as  he  will.  It  results  in  part  from  a  natural,  but  evidently  erroneous, 
tendency  to  look  on  a  certain  percentage  of  decrease  of  curvature,  for 
example,  as  worth  a  certain  percentage  of  increase  in  the  work  (pars.  14, 
15),  instead  of  being  merely  worth  a  certain  absolute  sum,  which  on  easy 
work  justifies  great  disregard  of  contours,  and  on  heavy  work  requires 
close  accordance  with  them. 
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1217.  3.  The  best  topographical  maps  which  it  is  either  expedient  or, 
in  general,  possible  to  make,  with  the  time,  money,  and  men  at  command, 
cannot  by  any  means,  as  is  sometimes  foolishly  claimed,  be  relied  on 
within  a  foot,  nor  even  5  or  10  feet,  at  critical  points,  especially  if  extend- 
ing to  any  great  width  on  each  side.  Over  most  of  their  area,  if  well 
made,  they  will  be  trustworthy,  but  minor  irregularities  of  considerable 
importance,  if  nothing  more  than  a  few  big  boulders,  get  smoothed  out  of 
the  map  or  misplaced  or  exaggerated,  so  that  the  only  safe  rule  is  to  look 
on  the  first  location,  however  carefully  studied,  as  still  open  to  much 
improvement — an  expectation  which  ivill  rarely  be  disappointed.  But 
if  frequent  minor  changes  are  to  be  made,  much  of  the  advantage  of 
computing  field-notes  from  a  paper  location  so  precisely  as  is  often  at- 
tempted is  lost.     It  is  not  in  fact  good  practice  to  do  so. 

1218.  4.  To  run  in  long  stretches  of  location  successfully  without 
further  topographical  tests,  but  only  the  geometrical  test  of  a  "tie"  to  a 
preliminary,  requires  the  nicest  field  and  office  work  from  the  b^inning 
to  the  end  of  the  survey.  It  is,  of  course,  only  a  question  of  degree.  No 
one  would  advocate  anything  but  good  work  of  the  kind,  but  it  is  obvious 
that  less  precision  is  required,  if  it  is  fully  understood  and  ex[>ected  that 
the  paper  location  will  be  topographically  tested  throughout,  than  if  it  is 
expected  to  be.  in  the  main,  a  finality.  This  saving  of  needed  precision 
mciins  some  corresponding  saving  of  time  and  money,  which,  as  Mark 
Twain  said  of  his  profanity,  "can  then  all  be  saved  and  devoted  to  some 
other  end,  where  it  will  do  more  real  and  lasting  good." 

1219.  Another  objection,  which  is  perhaps  the  strongest  of  all,  against 
too  great  reliance  on  contour  maps,  is  founded  rather  on  the  foibles  of 
human  nature  than  on  any  purely  technical  reason  :  It  encourages  a  dis- 
position in  the  higher  engineering  officers  to  throw  the  field-work  of 
location  int(;  incompetent  hands,  and  to  assume  to  themselves  the  func- 
tion of  fixing  the  petty  details  of  location,  and  hence  (since  the  whole  is 
only  equal  to  the  sum  of  all  its  parts)  to  control  the  whole  location  from 
their  office  chair,  without  giving  to  it  that  careful,  thorough,  and  con- 
tinued study  on  the  ground  which  alone  will  qualify  the  ordinary  man  to 
wisely  exercise  such  control.  This  practice  works  injuriously  in  several 
ways : 

I.  It  deadens  the  perceptive  faculties  of  the  engineer  in  chai^  of  the 
party  and  transforms  him  into  a  mere  machine.  He  may,  if  an  unusually 
skilful  and  faithful  man,  go  over  the  paper  line  with  a  microscope  and 
iir.provc  its  details,  but  he  will  not  be  watching  out  for  and  thinking  of 
ilu'  hir^cr  details,  especially  as — 
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2.  The  practice  leads  to  the  engagement  of  poorer  men  for  the  field- 
work;  and 

3.  The  engineer  who  puts  in  the  paper  location,  and  controls  the 
work,  never  qualifies  himself  by  familiarity  with  the  ground  to  do  well 
even  that  minor  duty,  and  is  so  little  in  the  field  that  the  far  more  im- 
portant end  of  avoiding  the  larger  errors  is  not  duly  insured. 

1220.  The  "conclusion  of  the  whole  matter"  therefore  is,  that  accu- 
rate topography  for  a  certain  narrow  strip  is  a  highly  useful  adjunct  to 
practical  location,  which  should  never  be  omitted  altogether  and  should 
generally  be  very  carefully  taken  and  studied  ;  but  that  it  is  in  no  way  a 
safeguard  against  anything  but  minor  errors  of  location,  and  is  not  a  safe 
nor  expedient  reliance  for  giving  the  last  degree  of  perfection  even  to  the 
•details  of  alignment. 

Great  differences  in  natural  aptitude  for  location  exist,  and  among 
the  strongest  believers  in  the  absolute  necessity  of  elaborate  topography 
may  well  be  some  who  have  less  of  this  natural  aptitude,  and  hence  will 
not  make  very  good  use  of  the  best  of  maps.  In  fact,  although  we  should 
not  allow  this  to  prejudice  us  against  topc^raphy,  it  is  beyond  doubt  that 
those  of  least  natural  aptitude  for  location  rely  most  on  topography,  and 
are  the  most  helpless  without  it.  On  the  other  hand,  those  who  have  or 
think  they  have  such  aptitude  may  be  led  thereby  to  be  over-confident, 
and  commit  errors  which  good  topography  would  reveal  to  them.  It  is 
certain  that  the  better  natural  qualifications  a  man  has  for  the  work  the 
less  topogfraphy  he  will  take,  because  he  will  see  in  advance  where  it  is 
and  is  not  important.  He  will  always  take  some,  however,  and  what  he 
does  take  will  be  correct. 

1221.  Another  truth  may  appropriately  be  added  here.  It  is  easier  to 
put  A  line,  of  some  kind  or  other,  on  a  topographical  map  than  on  the 
ground ;  but  to  do  the  best  that  the  ground  admits  is  almost  as  hard,  and 
takes  almost  as  much  study  and  skill,  on  the  contour  map  as  on  the 
ground.  This  the  inexperienced  projector,  of  good  natural  parts,  will 
soon  find  out  if,  after  having  put  in  a  paper  location,  which  he  thinks  is 
very  good,  he  will  start  in  over  again  on  the  assumption  that  it  is  all  very 
had,  and  give  two  or  three  times  more  thought  and  care  than  before  to 
finding  out  wherein  it  is  bad.  He  will  probably  soon  be  satisfied  that 
his  assumption  was  correct,  by  finding  his  curvature  and  quantities 
simultaneously  diminishing. 

1222.  There  is  a  tendency  in  discussing  this  question,  as  in  many  others,  to 
fall  back  upon  the  singular,  yet  in  a  sense  natural,  argument  which  seeks  to 
defend  some  one  way  of  doing  things  by  showing  that  some  of  those  who  take 
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anriiher  way  do  work  badly.  On  (lie  one  hand,  iri 
enipncer"  spending  days  in  litLing  a  bad  line  to 
"  practised  eye.''  when  hours  would  have  sufficed  wi 
vrell-laken  top-^grapby;  and,  on  the  other  hand,  amai 
cal  maps  of  a  line  in  ihc  nrong  place,  missing  the  s 
uating  'jn  the  grnund  errors  o(  the  maps.  Either  | 
from  life,  for  out  of  a  hundred  men  doing  auything 
than  half  will  do  it  but  indifierently  well,  a  consider 
and  only  a  small  proportlrin  thoroughly  velL  Tb 
ready  weapons  for  supporting  either  side  of  anr  Bigi 
they  should  be  so  often  chosen,  since  it  is  clear  thai 
as  evidence  of  this  inconclusive  character  seems 
weight,  we  may  add  a  few  words  further  as  to  certaii 

1313.  The  fact  that  the  actual  profile  of  a  line  n 
agrees  so  precisely  with  the  latter  thai  the  two  cAuni 
of  the  excellence  of  the  system,  for  both  profiles  i 
geometrical  excellence  of  the  work,  but  it  also  pr 
whole  process  is  too  raechanital.  unless  the  "pi 
least  so  improved  or  modified  in  detail  as  to  be  disi 

1214.  On  the  other  hand,  fixing  the  details  of 
to  be  put  on  the  ground  by  other  men  of  less  skill, 
not  necessarily  a  wrong,  way  of  doing  things.  We 
not  what  we  w^uld,  but  what  we  can.  If  there  be  1 
after  half  a  tfoien  parties,  and  perhaps  look  after  ( 
possible  that  he  should  do  much  more  than  put  the  1 
m'jre  likely  to  project  a  good  line  in  that  way  than  i 
reach  the  same  end.  either  on  paper  or  on  the  grot 
ei-er.  one  ceases  to  look  on  this  practice  as  mercljr  a 
to  look  on  it  as  an  ideal  state  of  things.  si>  that  oi 
quired"  that  the  projected  location  should  be  "strici 
and-lry  permilte,!,"  as  is  sometimes  done,  then  the'i 

course  in  such  cases  is  to  require  the  engineers  in 
projection,  which  is  simply  sent  in  for  examination 
so  as  to  compel  them  /.■  rely  on  Iktir  ovm  iHltlHgtii 
especially  lo  give  an  indication  of  the  extent  to  wh 
relie'l  on.  For  if  unequal  to  making  a  tolerably  eor 
in5tar.ce,  they  will  probably  be  still  more  unequal  to 
•  l  pulTtni;  in  the  final  line. 

1229.  To  mention  one  instance  among  many,  ol 
iiunce  on  maps:  an  unusually  accurate  paper  locatio 
aave  a  Ijeamifui  profile,  which  no  one  could  detect  in 
The  cut  averaged  about  a  foot,  which  was  what  pi 
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and  what  no  one,  certainly,  in  the  office  would  have  thought  of  objecting  to. 
But  just  below  the  earth  was  rock,  as  a  "  practised  eye"  might  have  detected  in 
the  field,  and  the  earth  itself  was  such  as  to  make  an  unusually  solid  bank,  so 
that  when  the  line  came  to  be  constructed  there  was  an  ugly  shallow  rock-cut 
on  the  inner  edge  and  a  broad  solid  platform  for  the  road-bed  nearly  twice  too 
wide,  due  to  the  unnecessary  amount  of  excavation,  which  involved  a  loss  of 
some  $8000  in  much  less  than  a  mile,  all  of  which  might  have  been  saved  by 
throwing  the  line  out  three  or  four  feet  beyond  the  paper  location. 

Such  cases  occur  so  frequently  that  the  engineer  who  does  not  feel  the  limi- 
tations of  the  map  and  wish  that  he  had  the  ground  before  him  in  making  a 
paper  location,  and  who  does  not  feel  that  it  may  be,  and  probably  is,  suscepti- 
ble of  further  improvement  by  further  study  in  the  field,  will  probably  be  wise 
to  leave  '*  topography"  alone,  both  in  the  field  and  in  the  office. 

1226t  In  some  cases  the  larger  errors  of  location,  such  as  putting  a  line  on 
the  hill-side  with  a  short  tunnel,  instead  of  in  the  bottom  of  the  valley  with  a 
long  tunnel,  are  very  unreasonably  advanced  as  an  effect  of  neglecting  topog- 
raphy; whereas  it  is  precisely  such  errors  which  over-reliance  on  topography  is 
apt  to  lead  to.  The  result  depends  chiefly  on  the  man.  A  good  man  will  use 
every  tool  that  will  serve  his  end,  and  one  of  these  tools  is  topography.  Another 
one,  at  least  equally  essential,  is  shoe-leather. 

1227.  If  topography  is  to  be  taken  at  all  it  should  be  taken  accurately, 
and  to  combine  this  end  with  reasonable  rapidity  the  limits  within  which 
accurate  topography  is  taken  should  be  restricted  as  closely  as  possible. 
Beyond  these  limits  a  skilful  topographer  will  sketch  in  by  the  eye  the 
general  form  of  the  ground,  with  sufficient  accuracy  to  give  a  better 
general  idea  of  the  form  of  the  country,  and  occasionally  to  serve  a  use- 
ful  purpose  in  a  rough  study  of  some  considerable  change  of  line. 

'  1228t  Topography  is  taken  from  the  preliminary  line  as  a  base-line, 
with  the  elevations  on  it  given,  by  determining  the  slopes  on  each  side  as 
far  out  as  seems  necessary.  Four  methods  for  taking  slopes  are  more  or 
less  practised : 

1.  By  a  slope-level  and  board  straight-edge,  with  or  without  a  tape- 
line. 

2.  By  a  hand-level  and  tape-line. 

3.  By  cross-sectioning  rods. 

4.  By  using  a  stadia  telescope  and  rod  to  measure  distances  in  place 
of  a  tape-line,  in  either  the  first  or  second  methods. 

To  these  may  be  added — 

5.- By  using  an  altazimuth  in  place  of  the  slope-level  or  hand-level  in 
the  first  or  second  methods.    It  may  also  under  special  circumstances  be 
used  to  advantage  with  cross-section  rods. 
56 
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1229.  In  rugged  and  broken  topography,  as  where  there  is  much  rock 

and  large  scales  are  to  be  used,  the  third 
method,  by  cross-section  rods,  is  much 
the  best.  These  rods  are  in  principle 
nothing  more  than  a  horizontal  measur- 
ing-rod of  a  fixed  length,  sometimes  10 
but  better  1 2  ft.,  carrying  a  level  bubble, 
so  that  it  can  be  set  exactly  horizontal. 
This  is  carried  by  one  assistant  while  an- 
other reads  with  a  light  vertical  rod,  B, 
Fig.  290,  the  rise  or  fall  of  the  ground 
in  the  given  distance.  In  practice,  to  prevent  warping  of  the  rod  A,  it 
is  usually  made  in  one  of  the  forms  shown  in  Fig.  291. 

These  rods  are  convenient  to  have  with  a  locating  party  in  rough 
country,  and  they  are  especially  suitable  for 
cross-sectioning  a  located  line,  but  the  pro- 
cess is  much  slower  than  any  of  the  others 
specified,  which  are  in  general  better  for 
ordinary  topography. 

1230.  A  wise  choice  between  the  slope- 
level  and  hand-level  methods,  also,  depends  a 


Fig.  991. 


good  deal  upon  circumstances,  and  the  character  of  the  topography  to  be 
taken,  although  each  method  has  its  partisans  who  will  rarely  use  any 
other.  By  the  use  of  the  altazimuth  either  method  can  be  used  at  will, 
which  is  one  of  the  distinguishing  merits  of  that  instrument.  Much 
more  depends,  however,  upon  the  individual  skill  of  thetopog^pherthan 
upon  the  use  of  any  particular  method.  Where  the  country  is  rough, 
with  irregular  slopes,  the  hand-level  method  is  to  be  preferred,  since  it  is 
more  positive.     Otherwise,  the  slope-level  is  best. 

1231.  The  topography  based  on  these  slope-notes,  by  whatever 
method  taken,  should  invariably  be  drawn  in  the  field  directly 
UPON  THK  woRKiN(;  MAPS  OF  THE  LINE,  which  should  bc  the  first  and 
only  direct  use  made  of  the  cross-section  notes.  As  a  safeguard  in  case 
of  doubt,  the  rodman  may  well  keep  a  note-book  record  of  them,  but  this 
should  bc  strictly  restricted  to  such  use  only.  The  habit  of  taking  the 
cross-sections  in  the  field  and  drawing  in  the  topography  in  the  office 
cannot  be  too  stronf^ly  discouraged.  It  is  certain  to  result  in  more  or 
less  imperfect  work,  as  well  as  loss  of  time.  After  a  little  practice  a 
skilled  topographer  ought  to  be  able  to  keep  up  with  a  transit  and  level 
party  without  much  difficulty,  unless  circumstances  require  a  wide  belt 
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of  exact  topography  to  be  taken,  when  he  should  be  furnished  with  a 
double  cross-section  party.  The  main  requirement  for  doing  work 
quickly  and  well  is  to  train  the  eye  and  judgment  so  that  needless  cross- 
section  work  need  not  be  done  while  yet  taking  all  that  is  essential. 

1232.  The  topographer  is  provided  with  a  thin  drawing-board,  hav- 
ing a  leather  or  oil-cloch  pocket  on  the  back,  in  which  are  carried  the 
sheets,  about  19XZ4  inches  insize([>ar.  1240),  on  which  the  line  has  been 
plotted  the  night  before,  the  stations  marked  off,  and  the  elevation  of 
each  station  and  plus,  as  taken  by  the  level,  lightly  pencilled  on  it.  The 
topographer  must  thus  work  behind  the  level,  but  a  good  topographer 
will  endeavor  to  keep  very  close  up  to  it.  One  sheet  at  a  time  is  pinned 
upon  the  board  for  use.  A  6-in.  scale,  preferably  of  paper,  lead  pencils, 
and  rubber  complete  his  outfit.  His  two  assistants  (or  four  if  need  be) 
have  nothing,  necessarily,  but  tape  and  hand-level,  with  a  small  hatchet. 
A  small  compass  for  taking  bearings  is  in  general  desirable. 

1233,  In  taking  cross-sections,  the  elevation  of  each  station  is  given 
to  the  rodman  (or  has  been  previously  taken  off  by  him),  and  an  offset 

measured  off  to  a  point,  as 
indicated  by  the  hand-level, 
where  the  contour  next 
above  or  below  the  eleva- 
tion of  the  given  station 
falls.  Thus,  in  Fig.  292, 
with  contours  10  ft.  apart, 
ele\^tion  of  station  704.3, 
contour  710  is  5.8  ft.  above 
it,  and  contour  700  4.3  ft. 
below  it.  The  distance  out 
in  which  the  ground  rises  or 
falls  these  amounts  should 
in  general,  on  rough  ground, 
be  directly  determined,  and 
then  the  distances  to  a  suc- 
cession of  other  points,  fall- 
ing 5  ft.  at  a  time,  as  far  out  as  accurate  topography  is  taken.  On 
smoother  country  a  little  trouble  may  be  saved  as  below  spoken  of. 

The  points  where  the  contours  cut  the  centre-line  are  also,  at  the 
same  time,  noted  bv  the  topc^rapher.  He  then  makes  a  light  pencil 
guess  at  the  course  of  the  contour  lines  ahead,  and  passes,  perhaps,  two 
stations  ahead,  to  "  174."  Fig.  292.  and  repeats  the  process .  the  rodmen 
in  the  mean  time  cross-sectioning  the  intermediate  station  if  it  seems 
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essential,  or  more  properly  speaking,  unless  itseems  unessential.  Until 
the  topographer  has  acquired  well-founded  confidence  by  practice  he  trill 
save  nothing  by  talcing chances,and  be  liable  to  throw  discredit  on  his  worlt. 
Here  the  previous  guesses  are  checked  by  the  cross-sections  and  the 
course  of  the  contours  sketched  in  backward,  exactly  and  finally,  and 
lightly  ahead,  with  further  pencilled  guesses.  In  this  way  the  topographer 
trains  his  eye  and  his  hand,  and  forms  an  idea  of  where  accuracy  is  and 
is  not  essential,  and  if  he  be  once  properly  instructed,  and  has  a  capable 
assistant,  it  is  not  at  all  diflicult  to  take  a  mile  or  two  of  topography 
a  day  in  ordinary  country.  When  he  has  to  take  more  than  200  to  300  fL 
on  each  side  it  becomes  a  diSerent  matter,  and  progress  is  much  slower. 

1234.  If  slopes  are  determined  by  a  slope-level  it  is  still  simpler  icork, 
A  scale  is  then  constructed,  showing  for  a  series  of  difierent  slopes  from 
I'toao",  the  horizontal  distance  apart  of  lO-ft  contours,  which  is  10  X  cot 
S.  From  this  the  contours  can  be  put  down  upon  the  map  at  once,  at 
the  proper  distances  apart,  or  as  far  out  as  the  slopes  are  taken. 

1235.  Time  is  lost  and  accuracy  sacrificed  in  many  surveys  by  using 
too  small  scales.  The  standard  working  scale  may  be  said  to  be  400  feet 
per  inch,  or  j^  (nearly  the  same  thing)  when  the  metre  is  used ;  but 
this  scale  is  adhered  to  far  too  strictly.  In  rough  country  it  should  be 
at  once  doubled,  and  in  very  rough  country  should  be  increased  to  100  ft. 
per  in.  or  -^jVi  (^Si  ft.  per  in.).  These  latter  are  the  only  suitable  scales 
when  there  is  any  considerable  proportion  of  rock-work.  It  rather  saves 
work  in  taking  topography,  adds  but  little  to  the  drafting  work,  and 
adds  immensely  to  the  practical  value  of  the  maps  when  made. 

1236.  The  following  cautions  will  assist  in  taking  top(^;raphy  correctly: 
I.  One  contour  line  can  never  run  into  another  and  either  disappear 

altogether  or  afterwards  depart  from  i 
manner  shown  at  AA,  Fig.  293,  but  mu! 
be  everywhere  a  separate,  distinct,  and  c 
ous  line  until  it  either  runs  off  the  map  o 
on  itself  so  as  to  form  an  irregular  ring  01 
as  at  B.  Fig.  293. 

There  is,  indeed,  one  case  in  which  two  or  a 
dozen  contours  may  so  run  together  into  a  single 
line,  viz..  when  an  absolutely  vertical  slope  is  to 
he  represented.  There  is  even  a  possible  case — 
that  of  an  overhanging  cliff — in  which  the  con- 
tour lines  may  cross  over  each  other  and  back 
;n;ain.  as  in  Fig.  294.  But  both  of  these  cases 
are  so  rare,  although  they  do  occur,  that  it  is  v 
them  as  normal  types  of  topography. 


circle. 
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1237.  2.  It  is  impossible  for  a  contour  line  to  split  into  twoparts  which 
•ooner  or  later  reunite  again,  in  the  manner  shown  in  Fig.  295.     It  is  a 
frequent  error  of  young  topographers,  and  an 
immediate  evidence  of  Inexperience,  to  be- 
e  the  contrary-     It  is  indeed  theoretically 
conceivable  that  a  surface  should  have  such 
Fie.  i9«.  ioxxa  as  to  make  a  sketch  like  Fig,  295  topo- 

graphically correct.  Thus,  if  we  imagine  it  to  be  a  representation  of  the 
crest  of  a  hill,  it  might  come  to  so  sharp  and  r^ular  a  ridge,  if  made  of 
dressed  stone  for  example,  that  only  a  single  mathe- 
matical line  at  the  peak  or  ridge  of  the  slope  should 
appear  above  the  water,  and  yet  that  the  ridge  should 
so  appear  above  the  water  for  a  considerable  distance, 
being  precisely  level,  and  should  at  a  certain  point 
swell  out  into  the  "  island  "  A  A.  But  practically,  with 
natural  surfaces  as  they  actually  exist,  this  is  plainly 
impossible,  and  the  true  method  of  representing  the 
natural  surface,  which  is  erroneously  presented  in  Fig. 
295,  would  be  as  shown  in  Figs.  2o8.  216, 

1238.  Topc^raphy,  more  largely  than  almost  any 
other  mechanical  detail  of  engineering  work,  is  a  mat- 
PI0. 99;.  ter  of  practice.     The  young  engineer  -who  ends  his 

first  day's  work  at  topt^mphy  discouraged,  with  but  a  few  stations  taken, 
and  that  so  badly  taken  as  to  be  worthless,  can  by  even  a  few  days'  de- 
termined effort  to  understand  it,  and  do  what  he  does  do  well,  learn  to 
go  over  as  much  ground  as  an  ordinary  transit  party.  It  is  a  valuable 
drill  for  cultivating  the  faculties  most  needed  for  location,  and  good  to- 
pographers generally  make  the  best  chiefs  of  party.  In  country  at  all 
rough  the  topographer  fills  the  most  responsible  position  on  the  party 
below  its  chief,  and  he  should  so  rank.* 


*  The  art  of  taking  topography  should  be  taught  in  sehools  more  thoroughly 
than  it  is.  There  is  no  better  drill  for  cultivating  those  faculties  of  mind  which 
make  the  engineer. 
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CHAPTER   XXXII. 

MAPPING    AND   PROJECTING   LOCATION. 

1239.  But  two  methods  of  mapping  railroad  surveys  are  to  be  com- 
mended, which  are : 

1.  For  large-scale  working  maps :  plotting  lines  by  bearings  with  a 
large  paper  protractor  and  parallel  ruler. 

2.  For  small-scale  maps :  by  latitudes  and  departures. 

Plotting  lines  of  any  length  by  laying  off  successive  angles — a  fevor- 
ite  way  of  laboriously  making  a  bad  map  among  inexperienced  men- 
should  never  under  any  circumstances  be  permitted.  All  work  should 
be  plotted  by  bearings  from  a  constant  North  and  South  line,  which  is 
transferred  from  sheet  to  sheet  by  prolongation  or  with  a  parallel  ruler. 
Cumulative  errors  are  thus  avoided. 

1240.  Except  in  cases  where  fully  8o  per  cent  of  a  line  is  tangent,  and 
there  is  little  topographical  detail,  a  survey-line  should  never  be  plotted 
on  long  strips  or  rolls  of  paper,  but  always  on  small  sheets,  about  19x24 
inches  in  size,  or  larger  if  there  be  little  curvature  and  topog^phy— say 
19  X  36  inches.  These  sheets  are  added  one  after  another  as  the  plotting 
progresses,  lapping  one  side  or  corner  always  under  the  preceding  sheet, 
and  giving  its  axis  any  random  direction,  compared  with  the  other,  which 
will  best  serve  to  keep  the  centre  line  of  the  survey  in  the  middle  of  the 
sheets,  as  shown  in  Fig.  296.  The  two  sheets  are  pinned  together  with 
thumb-tacks,  and  two  or  three  X  marks  made  at  the  lap,  so  that  they  can 
be  replaced  at  any  time  in  exactly  the  same  position. 

A  North  and  South  base-line  should  then  be  laid  down  the  full  length 
of  the  sheet,  nearly  in  its  middle,  and  a  consecutive  number  for  the  sheet 
and  the  name  of  the  line  pencilled  on,  always  in  the  same  comer. 

1241.  The  large  paper  protractor  should  then  be  laid  down  in  the 
middle  of  the  sheet  on  the  North  and  South  lines,  from  a  clearly-marked 
permanent  centre-point,  and  the  computed  or  actual  bearings  of  ALL 
the  lines  which  are  likely  to  fall  on  the  sheet  laid  off  at  once.  If  omis- 
sions are  discovered,  the  same  process  should  be  repeated ;   lightly 
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pencilling  in  the  degrees  and  minutes 
of  each  bearing  laid  off,  and  per- 
mitting the  points  thus  marked  to 
remain  permanently,  except  as  they 
interfere  with  the  mapping.  Should 
any  subsequent  error  be  discovered, 
they  may  then  all  be  checked  at 
once,  saving  much  time. 

With  a  good  parallel  ruler  (not 
the  cheap  and  poor  ones  which  are 
most  used,  but  a  heavy  metal  rule 
about  18  inches  long),  or,  failing 
that,  a  couple  of  triangles,  it  is  then 
but  a  few  moments*  work  to  transfer 
each  bearing  in  succession  to  its 
proper  point,  draw  in  the  line,  and 
plot  its  length.  The  angles  should 
then  be  roughly  checked  with  a 
small  protractor  to  guard  against 
the  large  errors  which  are  alone 
likely  to  occur.  The  bearing  of 
each  line  and  the  plus  at  each  angle 
should  then  be  pencilled  on. 

Every  station  should  then  be 
pricked  off  and  indicated  by  a  light 
check-mark,  and  every  fifth  station 
should  be  numbered. 

Opposite  each  station  on  a  di- 
agonal line  should  then  be  lightly 
pencilled  in  the  elevation,  and  also 
the  elevation  of  any  pluses  taken. 
The  sheets  are  now  ready  to  turn 
over  to  the  topographer. 

This  work  should  be  done  every 
night.  It  takes  but  a  short  time 
after  a  little  practice.  The  lines  may 
be  inked  in  on  rainy  days  or  at  any 
convenient  time.  The  centre  line 
should  be  in  red. 

1242.  For  the  same  reason  that 
plotting  should  be  done  from  bearings,  it  is  well  to  do  all  the  transit 


Fig.  396. 
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work,  on  preliminary  lines  at  least,  by  reading  BEARINGS  instead  of 
ANCiLES  from  the  vernier.  In  starling  the  survey  the  vernier  is  set  at  o, 
and  the  lower  limb  clamped  on  a  North  and  South  line,  or  as  near  to  it 
as  possible.  Unclamping  the  upper  limb,  we  may  then  read  the  bearing 
of  the  line  either  with  the  compass  or  the  vernier,  and  the  two  should 
approximately  correspond.  Retaining  the  verniers  at  the  same  reading 
for  taking  a  back-sight  at  the  next  angle,  and  unclamping  above  to  take 
the  next  sight,  we  obtain  the  bearing  of  the  new  line,  likewise  either  by 
the  compass  or  the  vernier — the  one  approximate,  the  other  exact.  Thus 
we  may  continue  throughout  the  survey,  with  the  advantage  (i)  that  we 
can  check  our  work  at  any  time  by  simply  dropping  the  needle,  since 
the  needle  and  vernier  readings  should  always  correspond,  and  (2)  that 
our  *  computed  bearings"  are  already  computed.  We  should  work,  how- 
ever, by  180'  on  each  side  of  the  North  point,  and  not  be  troubled  by  the 
transition  from  N.  E.  to  S.  E.  This  is  the  best  way  to  do  in  any  case, 
and  it  is  easy  to  read  the  needle  so. 

1243.  In  inking  in  the  topography,  every  fifth  line  should  in  all  cases 
be  made  heavier  or  a  different  color.  Black  or  brown  for  every  fifth 
line,  and  brown  or  orange  for  the  intermediates,  does  very  well.  Where 
possible,  contours  should  only  be  five  feet  apart,  although  ten  feet  is 
usual.  The  values  of  every  fifth  line  should  be  frequently  written  on 
thcni,  in  rows  one  above  the  other,  preferably  by  leaving  a  gap  in  the 
line  for  inserting  the  figures,  or  otherwise  by  writing  them  directly  over 
and  across  the  line.  Much  of  the  prejudice  against  working  with  con- 
tour t()po<;raphy  arises  from  the  prevalent  neglect  of  the.se  simple  direc- 
tions. whi(h  seem  almost  too  simple  to  mention.  Such  a  map  as  Fig. 
297.  for  example,  is  an  abominati<Mi.  It  reflects  just  discredit  on  any 
engineer  to  turn  in  one  in  that  condition,  which  makes  it  almost  worth- 
less to  the  cnj;inecr  and  incomprehensible  to  the  mere  observer.  It  should 
be  finished  up  as  shown  in  Fig.  298. 

A  light  case,  provided  with  three  or  four  drawers  of  the  proper  size 
to  hold  the  sheets,  should  be  provided  for  field  use.  Light- yellow  de- 
tail pnpcr  makes  very  good  sheets,  and  is  less  trying  to  the  e>'es  than 

white. 

1244.  Kxpcrienco  has  clearly  shown  this  system  of  mapping  survey- 
lines  to  \n\  far  belter  than  any  other.     Its  advantages  are: 

1.  Hut  a  small  anicnint  of  paper  is  in  use  at  once  in  plotting,  while 
any  number  of  sheets  that  there  is  table-room  for  may  be  put  together 
if  de.sjred. 

2.  A  very  small  table  is  all-sulficient. 


/  -  "^ 
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3.  No  time  need  be  lost  in  studying  how  to  keep  the  line  on  thft 
paper,  or  in  rubbing  out,  or  in  pasting  on  extensions. 

4.  The  map  need  not  be  covered  over  with  prolonged  lines  for  laying 
ofi  angles,  but  only  the  actual  length  needed  is  drawn. 

S-  Great  accuracy  is  secured  without  effort,  and  cumulative  errors  are 
impossible.  If  an  error  is  made  on  one  sheet  it  in  no  way  injuriously 
affects  the  work  on  the  adjacent  sheets,  except  that  two  of  them  will 
bave  to  be  re-matched. 

6.  If  matched  properly  the  greatest  precision  Is  possible  in  laying  them 
together  again  whenever  desired.  For  all  practical  purposes  they  are  as 
a  single  sheet. 

7.  There  is  no  waste  paper,  and  the  line  is  always  in  the  middle  of 
what  is  used,  readily  accessible  for  office  work.  The  awkwardness  of 
working  with  wide  rolls  is  entirely  saved. 

8.  The  paper  is  never  rolled,  but  always  Bat  and  clean,  in  good  con- 
dition for  working  on. 

9.  For  projecting  location,  the  ease  with  which  any  part  of  the  line 
desired  can  be  worked  with,  without  annoyance  from  what  is  not  wanted, 
and  from  change  of  scale  due  to  rolling,  gives  it  very  great  advantage. 

10.  The  maps  are  readily  stowed  away  in  dust-tight  boxes  or  drawers, 
and  in  very  small  compass,  instead  of  taking  up  a  great  deal  of  room  and 
getting  into  a  practically  unserviceable  condition  in  a  short  time,  as 
rolled  maps  usually  do. 

1249.  For  making  small-scale  maps,  plotting  by  latitudes  and 
-^  DEPARTURES  is  the  most  satisfac- 
tOTy  way.  The  latitudes  and  de- 
partures  should  not  be  computed, 
however  (or  the  labor  would  be 
prohibitory),  but  read  ofl  mechanic- 
ally from  a  diagram  similar  to  Fig. 
299,  which  shows  the  principle  of 
an  apparatus  for  the  purpose  de- 
vised by  Mr.  Chas.  Francis,  Chief 
of  Office  on  the  Pacific  Branch  of 
the  Mexican  Central  Railway.  Any 
ane  can  readily  make  it.  The  base 
is  a  sheet  of  accurate  cross^section 
paper,  10  or  20  squares  per  inch, 
''ic-  'M-  on  which  angles  are  accurately  laid 

off,  either  around  the  edge,  as  shown,  or  on  a  circular  arc  of  as  large  a 
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radius  as  possible.    Values  are  given  to  the  lines  from  zero  to  100  or 
more.     The  straight-edge  is  laid  off  with  the  same  scale. 

We  have  then  only  to  set  the  edge  of  the  straight-edge  at  the  angle 
corresponding  to  any  bearing ;  place  a  needle-point  or  sharp  pencil  at 
the  point  on  it  representing  the  length  of  a  given  line,  and  we  read  off 
from  the  sheet  below,  at  once,  latitudes  and  departures  for  the  line.  Lati- 
tudes and  departures  for  miles  of  line  can  thus  be  called  off  and  tabulated 
in  a  day  by  two  men,  and  the  absolute  position  of  every  point  on  the 
survey,  by  rectangular  coordinates  from  any  fixed  origin,  determined 
once  for  all.  From  these  notes  as  many  or  as  few  points  can  be  trans- 
ferred to  the  map  as  seems  desirable,  according  to  its  scale,  and  the  re- 
mainder sketched  in.  When  several  alternate  lines  are  to  be  mapped 
together  this  method  is  especially  useful,  as  the  trouble  of  closing  ac- 
curately is  so  greatly  reduced. 

PROJECTING   LOCATION. 

1246.  To  make  a  really  good  projection  on  a  topographical  map  in- 
volves a  great  deal  of  work  and  study,  and  errors  are  almost  as  easy  as 
they  are  on  the  ground.  In  fact  the  writer  has  no  belief  that  any  one 
ever  projected  a  location  on  paper  which  could  not  be  materially  improved 
by  study  on  the  ground. 

The  most  difficult  case  is  projecting  a  final  grade-line  in  which  curve 
compensation  is  to  be  introduced  as  it  advances.  In  very  difficult  coun- 
try a  first  projection  on  an  estimated  average  "  straight "  grade-line  is  often 
advantageous,  saving  time  and  giving  a  better  final  result  because  of  the 
double  study.  The  lower  (dotted)  spiral  of  Fig.  216  was  projected  in 
this  way. 

The  projection  should  begin  at  the  summit  or  other  fixed  point 
which  the  line  must  make.  Assuming  a  starting-point  and  elevation, 
take  in  a  pair  of  dividers  the  distance  on  the  map  which  the  given  grade- 
line  takes  to  fall  10  ft.,  or  better  yet,  5  ft.  When  curve  compensation  is 
introduced  this  distance  will  be  different  o.n  a  tangent  and  on  every  curve, 
and  should  be  laid  off  on  a  strip  of  paper  so  that  the  dividers  can  be  set 
and  reset  without  trouble. 

With  the  dividers  thus  set,  step  off  a  distance  of  10  or  12  inches  on 
the  map,  following  as  nearly  as  may  be  where  it  is  thought  the  line 
will  lie.  On  favorable  topography  this  will  be  very  closely  along  the 
GRADK  CONTOUR,  or  line  where  the  plane  of  the  grade  strikes  the  natural 
surface.     In  that  case  we  can  step  off  quite  a  distance  at  once,  stepping 
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down  a  contour  or  half-contour  at  a  time,  and  marking  by  a  small  cross- 
mark  where  the  grade-line  crosses  each. 

1247.  The  grade-contour  should  then  be  very  lightly  pencilled  inland 
a  curve  or  two,  or  a  long  tangent  and  the  beginning  of  one  curve,  pro- 
jected. Then,  setting  the  dividers  for  the  proper  distance  for  a  fall  of 
I,  2,  or  5  ft.  on  the  given  curve  or  tangent,  and  starting  from  the  fixed 
point,  step  along  the  projected  location  to  the  first  point  of  curve  and 
determine  and  write  down  its  elevation  to  the  nearest  foot  and  tenth  ; 
paying  no  attention  as  yet  to  stationing,  but  simply  to  determining  points 
where  the  grade-line  reaches  certain  even  elevations,  and  to  determining 
the  grade  at  the  points  of  curve. 

Having  reached  a  curve  from  a  tangent,  reset  the  dividers  for  the 
proper  distance  for  the  given  fall  on  the  curve ;  start  from  the  P,  C,  cor- 
rectly by  straddling  the  dividers  over  it  according  to  its  fractional  eleva- 
tion ;  step  around  the  curve  to  the  P,  71,  and  determine  and  lightly  note 
its  elevation.  Reset  the  dividers  for  the  next  tangent  or  curve,  and  so  on 
to  the  end  of  the  section  projected. 

1248.  Then  return  and  correct  the  grade-contour  according  to  the 
precise  points  at  which  the  elevation  of  each  contour  or  half-contour  is 
reached  on  the  actual  projection,  sketch  every  bit  of  it  in,  and  see  if  the 
projection  corresponds  to  the  corrected  grade-contour  as  well  as  is  possi- 
ble. Consider  everything  :  the  material  (above  all);  the  surface  slope; 
the  water-ways;  whether  the  line  should  be  preferably  in  cut  or  filU 
whether  the  tangent  or  the  centre  of  a  curve  cannot  be  slightly  changed 
so  as  to  fit  the  grade-contour  better,  or  avoid  a  rock-cut ;  whether  the 
form  of  the  gulches  is  correctly  represented  and  there  is  not  a  crossing 
point  slightly  more  favorable  above  or  below,  which  the  topography  does 
not  clearly  show  ;  whether  the  tangent  cannot  be  broken  up  by  a  slight 
curve  and  save  work  which  will  be  more  conspicuous  on  the  ground  than 
on  the  map ;  or,  on  the  other  hand,  whether  the  line  cannot  be  thrown  out 
here  and  in  there,  so  as  to  take  out  curvature  and  yet  give  as  good  a  pro- 
file. Probably  some  little  modification,  at  least,  will  be  at  once  seen  to 
be  desirable,  and  the  whole  work  will  have  to  be  done  over,  perhaps 
three  or  four  times.     If  not.  it  may  be  for  the  time  being  left  behind. 

1249.  A  short  stretch  more  should  now  be  projected  in  the  same 
manner  as  before,  and  now  only  will  it  be  possible  to  give  proper  study 
to  the  first  section ;  for  the  whole  relations  of  the  line  to  the  ground  can- 
not be  taken  in  until  the  projection  is  complete  for  a  considerable  dis- 
tance on  each  side  of  the  point  studied.  It  is  now  more  likely  than  be- 
fore that  modifications  will  suggest  themselves  in  the  first  section.    The 
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reader  who  is  quite  satisfied  with  his  first  or  second  or  third  trial  may 
justly  fear  that  he  is  doing  bad  work.  The  projection  in  Fig.  216,  for 
example,  while  good  enough  for  an  approximation,  is  by  no  means  good  for 
a  final  one,  being  capable  of  considerable  improvement  at  several  points. 

After  completing  several  miles  the  whole  should  be  studied  over  again, 
and  corrections  unnoticed  before  are  pretty  sure  to  suggest  themselves. 
Very  often  long  stretches  of  the  grade  can  be  raised  or  lowered  somewhat 
to  advantage,  at  the  expense  of  a  slight  break.  It  is  difficult  to  point 
out  every  danger  in  advance,  but  it  is  a  fact  that  men  will  differ  in  their 
projections  almost  as  much  as  in  field  location,  and  the  most  obvious  im- 
provements will  not  suggest  themselves  until  some  one  else  points  them 
out.  Without  an  accurate  personal  knowledge  of  the  ground,  it  is  folly 
for  any  one  to  attempt  to  make  a  really  good  final  projection,  although 
contour  maps  have  the  great  negative  merit  that  glaring  errors  or  gen- 
eral incompetency  may  be  detected  at  sight  by  any  one  of  experience. 

Before  the  projection  is  considered  final  the  corrected  grade-contour 
should  be  made  exactly  right,  and  sketched  in  clearly  and  complete.  It 
is  very  bad  practice  to  sketch  in  only  certain  grade-points.  A  gp-eat  check 
against  error  is  thus  lost. 

1250.  The  line  should  now  be  stationed  and  a  profile  and  field-notes 
called  off.  The  latter  are  readily  made  up,  since  the  length  and  degree 
of  each  curve  is  known,  but  they  should  be  checked  and  corrected 
throughout  by  determining  the  bearings  of  every  projected  tangent  from 
the  original  North  and  South  line.  Except  when  errors  are  seen  to  be 
compensatory  the  bearings  thus  read  will  be  more  trustworthy  than  the 
stepped-off  lengths  of  the  curves,  and  the  latter  should  be  modified  to 
•correspond. 

1251.  Curves  may  be  projected  either  (i)  by  compasses,  (2)  by  wooden, 
rubber,  or  metal  curves,  or  (3)  by  a  curve-protractor  made  on  a  large  clear 
sheet  of  isinglass  by  scratching  on  the  curves  and  rubbing  ink  in  the 
scratches.  The  latter  is  a  very  convenient  and  desirable  adjunct  to  the 
work,  but  not  essential  when  the  radii  are  not  too  large  for  compasses. 
With  cut  curves  it  is  far  more  important.  The  writer  personally  prefers 
a  pair  of  compasses  to  anything  else  when  the  radii  admit  of  their  use. 
The  transition  curves  should  be  projected  at  the  same  time  as  the  curves 
by  drawing  in  the  latter  not  quite  tangent  to  the  tangents,  but  at  a  slight 
•offset  to  them,  as  in  Figs.  208  and  216.  What  this  precise  offset  may  be 
does  not  matter.  It  may  vary  from  o.  5  to  3.0  or  4.0  feet  per  degree  of 
-curve. 

1252.  Having  made  the  profile,  the  GRADES  should  be  put  on  it.    Re- 
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member  in  potting  g^rades  on  a  profile  that  it  is  a  great  deal  easier  to 
stretch  a  thread  to  cover  two  or  three  feet  of  a  profile  than  to  execute 
with  shovel  and  crow-bar  the  work  which  it  calls  for.  Long  shallow  cuts 
are  generally  a  mistake  of  judgment.  The  grade  should  rather  be  broken 
and  thrown  up  into  fill.  As  a  rule,  apices  in  grade-lines  should  never 
meet  on  a  fill  nor  a  hollow  in  them  appear  in  a  cut,  since  the  extra  depth 
of  the  cut  or  height  of  the  fill  is  so  much  work  thrown  away  in  order  to 
do  a  bad  thing — bring  grade-lines  to  a  sharp  intersection ;  but  there  are 
exceptions  as  respects  fills,  when  it  is  desirable  (as  it  always  is)  to  give 
abundant  water-way  for  streams  without  carrying  the  whole  fill  on  too 
high  a  bank.  It  is  a  common  error  of  inexperienced  projectors  to  lay 
the  grade-line  too  near  to  the  supposed  high-water  mark.  It  is  not  worth 
while  to  take  chances,  and  it  should  be  several  feet  above  all  the  ap- 
parent possibilities. 

1253.  It  is  always  desirable,  except  on  steep  side-hills,  to  have  the 
fills  exceed  the  cuts.  Heavy  fills  can  be  gotten  at  from  a  good  many 
points,  or  temporarily  trestled  and  filled  by  train,  but  large  cuts  are  very 
apt  to  delay  prc^ess  (they  are  generally  the  last  work  finished),  and  give 
trouble  for  maintenance  later.  Long,  low  fills  should  never  be  laid  out 
to  average  less  than  two  feet  high.  The  temporary  economy  is  a  dear 
one.  Grades  can  in  general  be  laid  out  just  as  well  as  not  at  some  even 
rate  and  starting  from  some  even  station,  but  the  trouble  often  taken  to 
this  end  is  perhaps  rather  worse  than  thrown  away,  as  it  is  a  simple 
matter  to  compute  the  grade  elevations,  and  economy  is  very  apt  to  be 
sacrificed  to  no  real  advantage.  Full  allowance  for  vertical  curves  should 
be  made  as  the  work  progresses  and  the  grades  for  stations  carefully 
looked  after,  especially  in  projecting  long  grades.  Table  125,  page  388, 
will  facilitate  doing  so.  The  original  grades  should  be  studied  over  and 
revised,  aided  by  the  cross-sections  of  the  final  location.  It  is  costly 
business  to  attempt  to  make  the  latter  without  accurate  knowledge  of  the 
material  under  the  surface,  but  this  trouble  is  too  frequently  not  taken. 
Simple  boring  and  drilling  appliances  for  investigating  the  material  now 
exist  in  plenty,  and  the  expense  is  very  slight.  Whenever  and  wherever 
there  is  danger  of  striking  rock  beneath  the  surface,  there  is  little  excuse 
for  not  determining  its  depth  and  limits,  as  it  can  often  be  avoided  with 
ease. 

1254.  Provided  with  the  profile  and  field-notes  of  the  paper  location 
the  final  location  is  proceeded  with.  The  profile  is  kept  close  up  to  the 
transit,  and  the  precision  of  the  work  as  compared  with  the  projection 
checked  mainly  by  it.     A  few  tie-notes  with  the  preliminary  are  usually 


Ifijl^. 


894  CITAP.  XXX/I.—PROJECTING  LOCATION. 

taken  of!  for  each  day's  work,  but  it  is  not  worth  while  to  attach  much 
weight  to  them.  The  question  is  only :  Does  the  line  as  run  on  the 
ground  give  as  good  a  profile  as  was  expected  and  desired,  and  can  any 
improvements  be  made  in  it  ?  That  chief  of  party  is  not  a  very  good  one 
who  will  not  see  many  improvements  as  he  progresses.  Aided  by  the 
system  of  transition  curves  referred  to  in  the  previous  chapter,  these 
changes  are  rapidly  made ;  but  if  there  be  any  doubt  at  all  about  them, 
they  should  be  left  for  a  later  revision.  In  fact,  the  better  way  is  always 
to  run  the  whole  location  over  twice  (par.  1193).  The  money  spent  will 
be  well  invested. 
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CHAPTER  XXXIII. 

THE   ESTIMATION   OF   QUANTITIES. 

1255.  The  purpose  of  preliminary  estimates  is,  first,  to  arrive  at  an 
approximate  idea  of  the  cost  of  the  work ;  secondly,  to  compare  alternate 
lines  U^then  and  thirdly,  to  assist  in  fixing  the  grades.  For  neither  of 
these  purposes  is  any  great  exactitude  necessary,  especially  if  there  is 
certainty  of  having  the  quantities  at  least  large  enough.  For  estimating 
the  cost  of  the  work  an  excess  of  two  or  three  per  cent  is  rather  an  ad- 
vantage. For  comparing  alternate  lines  the  error,  whatever  it  is,  will 
make  no  difference  unless  there  are  causes  why  it  should  exist  on  one 
line  and  not  on  the  other.  For  fixing  grade-lines  a  slight  percentage  of 
error  is  equally  unimportant,  since  it  is  rarely  good  engineering,  under 
modern  methods  of  construction,  to  attempt  any  very  exact  balance  of 
cut  and  fill,  the  fill  being  always  laid  out  in  excess,  and  long  cuts  avoided 
as  much  as  possible.  The  only  exceptions  to  this  rule  are  when  both  the 
cuts  and  fills  are  short  and  heavy,  so  that  the  haul  will  not  be  long,  or 
on  a  steep  side-slope,  so  that  throwing  the  line  out  to  decrease  the  cuts 
will  increase  the  fills,  or  vice  versa.  Even  then  the  possibility  of  using 
temporary  or  permanent  trestles,  the  size  of  water-ways  required,  and  the 
differences  in  classification  will  ordinarily  have  more  effect  on  where  the 
line  is  laid  than  the  mere  question  of  balancing  the  profile. 

1256.  For  these  reasons  it  is  an  absurd  waste  of  time  to  use  the  pris- 
moidal  formula,  or  any  other  method  but  that  of  averaging  end-areas, 
for  making  preliminary  estimates,  and  this  method  should  be  used  in  the 
simplest  way  of  all — that  of  determining  centre-heights  directly  from  the 
profile,  unless  the  ground  is  quite  rough  and  irregular.  In  that  case, 
especially  if  the  material  be  rock,  plotted  cross-sections  may  appear 
desirable. 

In  working  merely  from  the  profile  centre-heights,  without  taking  the 
trouble  to  compute  them,  there  is  a  certain  lack  of  precision  which  on  an 
individual  solid  may  introduce  a  considerable  error,  but  we  introduce  no 
tendency  to  error  in  either  direction.  Our  readings  are  as  likely  to  be 
too  great  as  too  small,  and  when  that  is  so  we  Know  from  the  theory  of 
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probabilities  that  if  the  average  error  on  each  individual  solid  be  i,  with 
no  tendency  to  either  excess  or  deficit,  the  probable  net  error  per  solid 
on  1000  such  solids  will  be  only  0.0316  cubic  yards,  and  on  10,000  solids 
only  o.oi  cubic  yards.  Thus  there  is  no  real  objection  to  working  from 
a  well-made  profile  for  any  preliminary  purpose. 

1257.  The  nature  of  the  error  in  the  method  of  computing  by  averag- 
ing end-areas  is  this  :  The  error  increases  as  the  square  of  the  difference 
in  centre-height,  and  is  not  in  the  least  affected  by  the  absolute  volume 
of  the  solid.  The  heavier  the  work,  therefore,  or  the  less  the  sudden 
changes  of  profile,  the  less  the  proportionate  error.  That  cut  is  an 
unusual  one  in  which  the  error  is  more  than  5  per  cent,  and  that  section 
of  road  would  be  very  unusual  on  which  the  error  was  more  than  i  per 
cent,  and  this  error  is  always  in  excess.  There  are  indeed  certain  pos- 
sible solids  in  which  the  error  will  be  in  deficiency,  and  certain  others 
(those  whose  width  on  top  is  the  same  while  the  centre-heights  differ,  or 
vice  versa)  in  which  the  end-area  method  is  precisely  correct,  while  cer- 
tain methods  by  the  prismoidal  formula  which  appear  much  more  exact 
will  give  a  deficiency ;  but  except  on  perhaps  one  solid  in  a  thousand, 
averaging  end-areas  always  gives  an  excess  of  volume. 

1258i  All  methods  of  computing  volume  by  first  transforming  the 
end-sections  into  equivalent  level-sections  introduce  a  constant  tendency 
to  deficiency,  and  for  that  and  other  reasons  are  a  worse  than  useless 
labor,  far  simpler  methods  giving  a  more  accurate  result.  The  proper 
method  of  computing  earth-work  in  construction  is  to  compute  by  end- 
areas  only,  and  then  at  any  later  time  when  convenience  serves,  to  deter- 
mine prismoidal  corrections  for  those  solids  which  need  it  only,  which 
are  those  differing  by  more  than  two  or  three  feet  in  centre- height. 
These  corrections  are  then  added  together  for  each  cut  or  section  and 
deducted  in  gross  from  the  end-area  volume.  The  reasons  which  make 
this  method  at  once  the  simplest  and  the  most  accurate  of  all,  and  the 
evidence  from  experience  that  it  is  so,  are  given  at  length  in  the  writer's 
treatise  on  the  computation  of  earth-work,  referred  to  elsewhere  in  this 
volume,  and,  so  far  as  he  knows,  are  given  nowhere  else. 

1259.  In  computing  quantities  from  profiles  for  preliminary  purposes 
the  cut  or  fill  should,  as  a  rule,  be  assumed  to  terminate  at  the  nearest 
iialf-station  to  where  it  actually  does  terminate,  as  shown  in  Fig.  300, 
whether  its  actual  length  be  a  little  more  or  less.  This  introduces 
another  element  of  slight  uncertainty,  but  it  is  justified  by  the  fact, 
which  it  is  sometimes  difficult  for  young  engineers  to  realize,  that  the 
end  of  a  cut  makes  a  very  small  part  of  its  total  volume,  so  that  very 
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trifling;  crrora  in  thecentr 
t  effect.     Moreover,  a 


heights  at  the  middle  of  tbe  cut  will  have  far 
is  at  likely  to  be  one  way  a«  another, 
it  will  be  in  the  end  com- 
pensatory, and  no  good  end 
will  be  attained  from  the 
considerable  extra  labor  of 
taking  account  of  such  de- 
tails, unless  the  material  is 
rock,  and  not  always  then, 
except  in  the  final  adjust- 
ment of  the  line. 

The  centre-heights  are 
then  read  off  at  each  sta- 
tion and  the  corresponding 
quantities  determined.  This 
is  in  effect  equivalent  to 
assuming  that  the   actual 


'bieb  1  profile  cut  !•  u 


to  toe  *"*^J^, 

■oitd  in  Fig.  300  maybe  transformed  into  the  series  of  prisms  bisected 

tnr  the  dotted  lines. 

12tfO<    It  is  ^^"^  usual  nor  necessary,  in  preliminary  estimates  of  earth, 
iTialcc  any  P*^  *^'  *''^  estimate  for  fractional  stations.     When  neces- 

_~rv  it  is  allowed  for  bytaking  the  centrc-heightsalittle  higheror  lower, 

^^jL  also,  in  fact,  any  excess  or  deficiency  in  the  length  of  the  end-sec- 
'  n  I"  '*''*  way,  with  a  little  practice,  closely  approximate  results  to 
*hat.  the    most  careful  work  will  give  can  be  readily  obuined.     There 

in  be  no  better  practice 

*^    12*1.   One  source  of  error  must  be  allowed  forwhcn 
.         gURfACE  SLOPE.    This  may  be  done  either  by 


e  for  the  student  than  to  determine  this  practi- 


s,  however 
coefficient 

by  working  from  a  diagram, 

once  for  any 

level  or  under  10°,  a  table  of 


a  strip  of  paper.    The  trouble  and  chance 


ultip'y  ^^'^  quantities  when  obtained. 
rt '"those  devised  by  the  writer,  which  give  quantities 
"*'*  slope.      When  the  surface  slope  is  level  or  und 

*"     T     ection  quantities  may  be  conveniently  used,  or,  still  better,  plotted 
IcvCl-^  -atrram,  as  in  those  of  the  writer,  and  the  successive  quantities 

"^haJ'ln'^MS""  i.  .bus  saved. 
ol  ^"^  ,       ROCK-WOR"'  <"'  wherever  these  methods  are  not  accurate 

1262.  ^^^  better  way  is  to  plot  the  surface,  draw  in  the  road-bed 

enoufifn,     y      ^^^  ^  template,  and  determine  the  areas  with  a  planimeter, 
and   slopes  simple,  and  accurate  method.     Before  the  final 

which  is   a  ^^^  '  *^ 
57 
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location  is  regarded  as  complete,  it  is  in  every  way  desirable  that  such 
sections  should  be  plotted  complete  for  the  entire  line  and  carefully 
studied. 

1263i  Culverts. — It  is  always  a  mistake  to  make  separate  estima- 
tions of  each  of  the  minor  masonry  structures.  It  is  but  two  or  three 
hours'  work  to  construct  a  diagram  on  a  single  sheet  of  cross-section 
paper,  which  will  enable  the  quantities  for  any  standard  type  of  culvert 
to  be  read  off  at  once  for  any  given  centre-height,  to  a  tenth  of  a  cubic 
yard  if  desired,  but  the  nearest  cubic  yard  is  sufficiently  precise  for  the 
requirements.  .  The  surface  slopes  would  make  a  material  difference 
with  the  length  of  these  structures,  except  that  when  the  surface  slope 
is  steep  it  is  rarely  good  practice  to  lay  a  culvert  in  the  deepest  hollow 
of  a  gulch.  It  may  usually  be  placed  somewhat  higher  and  at  one  side, 
and  often  well  up  toward  sub-grade,  with  very  great  advantage  and 
economy,  the  only  important  point  being  to  absolutely  secure  the  lower 
end  of  the  culvert  against  wash,  which  is  re&dily  done.  Therefore,  if  a 
culvert  be  taken  as  the  equivalent  of  one  under  the  deepest  centre  fill 
with  a  level  surface  slope,  it  will  ordinarily  be  sufficient.  If  not,  it  can  be 
taken  as  much  deeper  as  seems  necessary. 

1264.  To  construct  the  diagram,  the  volume  of  any  box  or  arch  cul- 
vert whatever  (assvming  it  to  be  level)  is  expressed  by  the  equation 

in  which  /f  =  the  centre  height, /=  a  coefficient  depending  on  the 
cross-section  of  the  main  body  of  the  culvert,  and  C  =  a  constant  (which 
may  be  either  plus  or  minus),  which  includes  the  modifying  effect  on 
volume  of  the  ends  of  the  culverts.  To  substitute  actual  values  in  the 
equation  for  any  given  type  of  culvert :  Compute  its  volume  complete 
with  an  average  depth  of  foundation,  under  any  height  of  fill  from  the 
natural  surface — say  10  feet.  Compute  also  the  addition  to  its  volume 
by  lengthening  it  3  feet  (with  li  to  i  side  slopes),  or  by  whatever  other 
length  is  added  to  the  culvert  by  increasing  the  fill  i  foot.  We  then 
have  values  of  t/,/,  and  Hto  substitute  in  the  equation,  and  Ccan  be  de- 
termined at  once. 

Such  a  diagram  has  another  value  than  merely  to  save  labor.  It  keeps 
before  the  mind  the  proportionate  quantities  in  culverts  of  different  sizes, 
although  if  this  should  lead  to  using  smaller  ones  it  would  ordinarily  be 
unfortunate.  No  dry  work  should  be  estimated  for  if  cement  is  reason- 
ably accessible.     It  is  costly  economy. 

1265.  Bridge  Piers.— Any  bridge  pier  may  be  resolved  into  certain 
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parts  independent  of  height ;  a  rectangular  solid  varying  directly  with 
height,  and  a  pyramid  or  cone.  In  other  words,  its  equation  of  volume 
is  of  the  form 

with  values  of  letters  as  above.  Numerical  values  may  likewise  be  deter- 
mined in  the  same  way.  With  a  batter  of  \  inch  per  foot,  the  value  of 
f\  for  volumes  in  cubic  yards,  will  be  only  .00103.  For  ^  pier  10  ft.  high 
this  gives  1.03  cubic  yds.  as  due  to  the  batter ;  for  a  pier  100  ft.  high,  1030 
cubic  yards. 

1266.  Bridge  abutments  and  open  culverts  may  have  their 
volume  expressed  for  constructing  a  diagram  in  precisely  the  same  way, 
as  iBay  also  pile  or  other  foundations.  It  may  not  save  any  great  amount 
of  labor  to  do  this,  but  it  does  furnish  a  check  against  errors  in  single 
computations,  and  is  information  which  it  is  very  convenient  to  have 
ready  for  instant  reference. 

1267.  Wooden  trestles  are  cheap  affairs.  The  effort  should  be  to 
estimate  them  liberally,  but  it  is  quite  unnecessary  in  a  preliminary  esti- 
mate to  waste  time  on  a  careful  design,  merely  for  the  purpose  of  getting 
quantities. 

In  any  wooden  trestle,  the  caps  and  all  the  floor  system  above  it,  as 
also  the  minimum  length  of  sill  and  all  wooden  parts  below  it,  are 
directly  as  the  length  of  the  structure  and  independent  of  its  height. 
The  same  is  true  of  the  cost  of  digging  foundations,  and  the  piling  or 
masonry  if  used  (as  one  or  the  other  always  should  be). 

At  a  certain  distance  below  the  cap,  say  10  feet,  there  is  a  system  of 
longitudinal,  transverse,  and  diagonal  ties  and  sway- braces  running  the 
entire  length  of  the  structure  on  a  line  about  10  feet  below  the  caps,  and 
(constructively)  a  certain  addition  to  the  length  of  the  sill.  All  this  may 
be  expressed  at  so  much  per  lineal  foot  on  a  horizontal  line  10  feet  below 
the  grade-line. 

Ten  feet  farther  down  there  is  a  similar  system,  nearly  duplicating  the 
first,  but  a  little  larger,  which  may  be  all  expressed  at  so  much  per  lineal 
foot  on  a  horizontal  line  20  feet  (or  whatever  the  distance  may  be)  below 
the  grade-line. 

So  we  may  proceed  until  we  have  provided  for  the  highest  trestles 
likely  to  occur  on  the  line  of  the  given  type,  and  we  shall  have  expressed 
the  feet  board  measure  in  any  width  in  an  equation  of  the  following 
form: 

Ft.  B,  M.  =fL  +/Z'  ^-f'L'  +  etc.. 
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in  which  Z,  L\  L"  =  the  respective  lengths  of  the  structure  on  the 
grade-line  and  on  parallel  lines  lo,  20, 30  feet,  etc.,  below  it,  Sind/,/^,/^'= 
the  corresponding  measurement  per  lineal  foot. 

1268.  The  length  of  each  of  these  lines  below  the  grade-line  ought,  in 
theory,  to  be  measured  a  little  short  on  the  profile  to  allow  for  any  bents 
which  may  extend  below  one  system  and  not  quite  down  to  another,  but 
such  nicety  may  be  neglected.  At  the  bottom  of  the  trestle  there  will 
be  an  irregular  area  of  greater  or  less  extent.  To  include  this  in  the 
estimate,  transform  it  by  eye  into  a  rectangle  10  feet  high  and  of  equal 
area.  Any  one  familiar  with  the  construction  of  trestles  will  do  this 
with  great  accuracy ;  and  the  results  of  this  method,  in  which  no  account 
is  taken  of  the  particular  number  or  position  of  bents,  come  surprisingly 
close  to  the  ultimate  measurement,  as  the  writer  has  tested  on  nv^ny 
structures. 

1269.  Trestles  should  invariably  be  built  with  side  stringers  and  ties 
about  12  ft.  long,  capped  with  a  guard  rail,  as  a  safeguard  against  de- 
railed  trains,  foot-passengers  caught  on  the  structure  by  a  train,  and  the 
insidious  eflfect  of  decay,  as  well  as  for  its  material  addition  to  the  strength 
of  the  structure  even  when  new.  "  Split "  stringers,  breaking  joints  with 
each  other,  are  invariably  used  in  good  practice,  and  split  caps  and  sills 
boxed  into  the  posts  and  bolted  through  make  a  far  stiffer,  better,  and 
more  easily  renewable  structure  than  the  common  form  of  mortise 
joints.  "  Cluster-bent"  trestles  made  of  8  x  8  inch  timber  are  the  best 
for  high  structures. 

The  ends  of  all  trestles  and  bridges  should  be  protected  by  Latimer's 
rerailing  safety  frogs,  a  cheap  cast-iron  watchman  which  may  be  relied 
upon  to  put  derailed  wheels  back  upon  the  track,  if  not  too  far  displaced,, 
as  has  been  proven  by  many  instances. 

1270.  Iron  Trestles. — Iron  trestles  may  be  estimated  in  much  the 
same  way  as  wooden  trestles,  and  it  is '  of  practical  value  to  do  so  to 
bring  out  how  little  the  height  of  trestles  has  to  do  with  their  weight  or 
cost, — a  fact  which,  if  it  be  fully  realized  and  taken  advantage  of,  may 
often  be  an  immense  assistance  in  obtaining  a  favorable  line,  by  enabling 
it  to  be  carried  high  above  what  are  apt  to  be  the  most  serious  obstacles — 
the  deep  gorges. 

Iron  trestles>  for  some  occult  reason,  are  usually  planned  for  bents  30 
feet  apart,  each  successive  pair  of  bents  being  braced  together  into  a 
kind  of  pier.  Sometimes  the  intermediate  spans  are  made  45  or  60  feet, 
and  occasionally  the  bents  are  60  feet  apart,  continuously.  Sometimes 
the  intermediate  spans  are  mcreased  to  100  or  more  feet. 
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1271.  However  these  details  are  varied,  there  is  wonderfully  little  dif- 
ference in  the  total  weight  of  the  structure,  which  usually  comes  out  much 
the  same,  barring  a  slight  percentage,  as  if  the  simple  type  of  30-foot  bents 
had  been  used  throughout.  What  is  gained  in  the  bents  is  lost  in  the 
floor-system,  or  vm  versa.  This  is  strikingly  illustrated  even  in  so  widely 
different  a  structure  from  the  ordinary  trestle  as  the  Kentucky  River 
bridge.  The  total  weight  of  iron  corresponds  very  closely  with  what 
would  have  been  required  to  cross  the  gorge  with  a  trestle  with  30-ft. 
bents — not  equally  safe  by  any  means,  but  of  the  same  average  weight 
per  lineal  and  vertical  foot  as  in  the  minor  structures  on  the  same  road, 
built  to  sustain  the  same  rolling  load ;  so  that  in  estimating  structures 
for  large  and  small  gorges,  by  the  same  rule,  we  do  not  go  far  astray. 

1272i  This  fact  has  led  Mr.  Geo.  H.  Pegram  to  propose  the  following 
formula  for  the  weight  of  iron  trestles,  which  he  states  that  he  has  found 
to  give  close  results  when  tested  on  a  considerable  number  of  actual 
structures : 

IVt.  in  lbs.  =  (3Z  +  2H)  no  for  Mogul  engines  and  1820  lbs.  per  ft.; 
in  which  L  =  the  total  length  of  the  structure  between  centres  of  end- 
pins  and  H=^  the  sum  oT  the  total  bent  heights  from  top  of  masonry 
pedestal  to  top  of  columns,  taken  as  30  feet  apart,  whatever  they  may 
actually  be.  For  Consolidation  engines  we  may  take  IV—i^  +  2H) 
125  to  130. 

These  formulae  give  the  total  shipping  weight  of  iron,  and  will  ordi- 
narily approximate  within  5  to  10  per  cent.  They  will  be  most  in  error 
(too  small)  for  very  large  structures. 

1273.  To  this  estimate  is  to  be  added  the  timber-floor  system  and  the 
pedestals.  The  pedestals  are  usually  of  the  best  quality  of  cut  stone 
masonry,  and  on  the  Cincinnati  Southern  Railway,  where  all  such  details 
were  ver)'  carefully  looked  after,  averaged  1.6  cubic  yards  per  lineal  foot  of 
trestle  and  ranged  from  4  to  8  ft.  high,  above  the  natural  surface.  The 
floor  system  is  readily  estimated  according  to  the  design  adopted,  which 
should  include  plenty  of  timber. 

On  the  Cincinnati  Southern  Railway  (Mogul  rolling-load,  which 
proved  too  small  almost  before  the  road  was  opened)  the  average  con- 
tract prices  for  viaducts  were  $25  per  foot  horizontal  and  $10  per  foot 
vertical,  including  the  floor.  Adding  to  this  the  cost  of  masonry  pedes- 
tals, we  have,  by  a  similar  method  of  estimation  to  that  recommended 
for  wooden  trestles : 

Per  foot  horizontal  at  grade-line $40  00 

Per  foot  horizontal  at  intervals  of  lo-ft.  below  grade... .         3  33 
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1274.  We  may  see  from  this  method  of  expressing  the  cost  more 
clearly  than  otherwise  how  little  the  height  of  trestles  has  to  do  with 
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Fig.  30X.— Main  Pibr  op  Niagara  Cantilbvbr  Bridgb,  showing  thb  Slight  Bmcr  ov 

Height  on  the  Total  Cost  of  the  Structuxi. 


TOTAL  WEIGHT  OF  STRUCTURE. 


Span,  248  ft.  (2920  lbs.  per  ft.),  .     . 
Pier,  ijo  ft.  4  in.  (1304  lbs.  per  ft.), 


734*000  lbs. 
170,000  •* 


Total  of  pier  and  cantilever  span,        894,000  lbs; 

Additional  per  ft.  extra  height,  about, i»500 

or  \  of  one  per  cent. 


•< 


CHAP.  XXXIII.—  THE  ESTIMATION  OF  QUANTITIES.    9O3 

their  cost.  Singularly  enough,  it  appears  from  comparisons  of  the  con- 
tract prices  on  that  road  that  it  has  more  effect  on  the  cost  per  foot 
horizontal  than  per  foot  vertical,  which  latter  were  very  little  a£Fected ; 
in  part,  no  doubt,  because  erection  is  much  more  expensive  per  pound 
with  low  trestles.  Fig.  301  will  show  how  little  the  height  has  to  do  with 
the  cost  of  even  the  largest  structures. 

1275t  It  is  probable  that  pedestals  of  very  superior  concrete  would  be 
cheaper  as  well  as  better  than  masonry.  One  difficulty  in  the  use  of  concrete, 
which  is  a  very  serious  one  with  masonry  also,  is  that  under  the  usual  form  of 
contract  the  contractor  furnisl\es  his  own  cement.  He  is  therefore  under  a  con- 
stant temptation  to  skimp  the  work  in  that  vital  detail,  both  in  quantity  and 
quality.  The  true  way  is  for  the  company  to  purchase  its  own  cement,  furnish 
h  to  the  contractor  liberally,  and  require  him  to  use  it  so.  He  will  then  be  as 
anxious  to  make  the  work  good  in  that  respect  as  he  is  now  to  make  it  poor. 
Much  dispute  and  inspecting  annoyances  will  thus  be  saved,  the  cost  of  the 
work  little  if  any  increased,  and  its  quality  materially  benefited. 

1276.  Bridges. — In  Fig.  247,  page  767,  there  has  already  been  given 
a  diagram  prepared  by  the  writer,  mainly  from  the  formulae  determined 
by  George  H.  Pegram,  C.  E.,  and  given  in  a  paper  before  the  American . 
Society  of  Civil  Engineers.  In  addition  to  what  is  stated  in  connection 
with  the  diagram,  it  may  be  added  that  the  West  Shore  specifications 
called  for  rolled  I-beams  up  to  20  ft.  span,  plate  girders  from  20  to  50 
feet,  lattice  girders  from  50  to  75  ft.,  and  thereafter  pin-connected  trusses. 
There  was  naturally  a  slight  jump  in  passing  from  one  to  another.  The 
weights  of  bridges  of  various  spans  were  computed  to  be  of  first-class 
construction,  without  any  additions  of  doubtful  utility,  so  that  while  a 
bridge  might  weigh  more  than  that  given  through  some  sp>ecial  excel- 
lence, it  should  not  weigh  much  less.  The  following  are  the  formulae 
deduced  by  Mr.  P^;ram,  in  all  of  which 
S  =  the  span  centre  to  centre  of  bed-plates  or  end-pins,  as  the  case 

may  be. 
ly  =  the  total  or  "  shipping"  weight  of  iron  or  steel  in  pounds. 
Fffr  iron  briilges  under  too  ft.  span  : 

in  which 

tf  =    7  for  Class  T,  Fig.  248,  page  769. 

^  =    9  for  Class  C, 
a  =  12  for  Class  M, 
For  Oass  N,  three  fourths  of  the  weight  as  given  for  Class  T  was 
taken — a  very  rough  process. 
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For  iron  bridges  over  200  ft,  span  : 

in  which 

b  =  100  for  Class  C, 

^  =    80  for  Class  T. 

For  steel  bridges  over  300//.  span : 

W  =  f  5*, 
in  which 

r  =  6  for  Class  C, 

r  =  6.7  for  Class  T. 

1277.  The  type  of  bridge  assumed  was  as  follows : 

For  spans  below  75  ft. :  deck-plate  girder  bridges,  8  ft.  wide,  con- 
nected with  angle-iron  bracing,  and  with  cross-ties  resting  on  the  top 
chords. 

Above  75  ft.  up  to  150  ft.:  through -truss  bridges,  Pratt  or  single 
quadrangular  trusses. 

Over  150  ft.:  Whipple  or  double  quadrangular  trusses. 

The  widths  assumed  were:  For  standard-gauge  spans  under  255  ft.. 
14  ft.  in  the  clear;  for  320-ft.  span,  18  ft.  centre  to  centre  of  trusses; 
for  420-ft.  span,  21  ft.  centre  to  centre,  and  for  520-ft.  span,  25  feet  centre 
to  centre.  The  floors  of  the  spans  consisted  of  cross  floor-beams  at  the 
panel  points,  with  a  line  of  iron  stringers  under  each  rail,  except  for  spans 
over  300  ft.,  which  had  three  lines  of  stringers. 

Differences  in  depth  affect  the  weight  less  than  would  be  supposed. 
Thus  in  a  6o-ft.  girder  span,  for  Class  T,  the  difference  in  total  weights 
between  depths  of  5  ft.  and  si  ft.  was  practically  nothing,  and  for  an 
8o-ft.  girder  span,  calculated  for  Class  C,  with  depths  of  6  ft.,  6i  ft.,  and 
7  ft.,  the  difference  was  less  than  i  per  cent.  In  a  i8o-ft.  truss  span,  the 
difference  in  weights  between  depths  of  26  and  28  ft.  was  less  than  2  per 
cent. 

In  a  520-ft.  steel  span,  for  Class  T,  the  difference  in  weight  between  a 
depth  of  50  ft.  and  one  of  58  ft.,  was  about  3  per  cent. ;  a  depth  of  56  ft. 
was  finally  taken  in  this  case. 

1278.  Modifications  for  other  conditions  than  those  specified  may  be 

made  as  follows : 

If  wooden  stringers  are  used,  deduct  195  lbs.  per  ft.  for  Classes  M.and 
C,  210  lbs.  for  Class  T,  and  140  lbs.  for  Class  N. 

For  safety  stringers  add  100  lbs.  per  ft.  for  all  classes. 
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For  deck-truss  bridges  add  10  per  cent»  and  for  double-track  bridges 
^  per  cent,  to  the  formula  weight. 

Through-plate  girder  bridges  will  not  differ  materially  from  deck 
bridges  in  weight,  where  the  cross-ties  are  made  to  serve  as  floor  beams. 
When  an  iron  stringer  floor  is  used,  it  will  be  a  close  approximation  to 
add  200  lbs.  per  foot  to  the  weight  given  by  the  formula. 

For  bridges  of  less  than  150  ft.  span,  the  only  part  of  the  rolling  load 
which  affects  the  weight  of  the  bridge  greatly  is  the  engine  load.  For 
spans  of  over  200  or  250  ft.,  an  average  of  the  engine  and  car-load  per 
foot  will  come  nearer  to  expressing  the  ratio  by  which  the  weight  of  the 
bridge  is  affected. 

1279.  The  weight  of  a  drawbridge,  including  turn-table,  wheels  and 
machinery  to  turn  by  hand,  will  be  very  nearly  the  same  as  for  a  fixed 
span  of  the  same  total  length  to  carry  the  same  live  load.  This  rule  is 
stated  by  Mr.  Pegram  to  have  been  remarkably  exact  in  tests  on  a  num- 
ber of  drawbridges  of  1 50  to  400  feet,  both  single  and  double  track. 

1280.  The  cost  of  bridges  per  pound  is  far  from  fixed  for  all  classes 
of  structures,  but  may  be  said  to  be  made  up  as  follows : 

Cts.  per  lb 

1.  Raw  material,  rolled  and  plate  iron 2j  to  3 

2.  Work  on  same  in  shop i  to  i^ 

3.  Transportation  by  rail i  to    \ 

4.  Falseworks  and  erection i  to  i 

^.  Profit  and  administration i  to  i^ 

Total 4   to  7 

The  lowest  of  these  prices  are  sometimes  cut  under,  especially  in  dull 
times  and  for  large  orders  of  a  simple  class  of  work.  For  example,  on 
the  Manhattan  Elevated  Railway,  involving  immense  weights  of  a  very 
simple  class  of  work,  contracts  were  let  at  2  to  3  cents  per  pound,  while, 
on  the  other  hand,  fat  contracts  at  much  higher  rates  than  those  given 
above  are  not  uncommon  ;  but  these  are  fair  averages  for  average  work 
in  moderately  good  and  bad  times. 

It  will  be  seen  that  only  items  i  and  3  above,  and  not  always  even 
those,  increase  directly  with  the  weight  of  the  bridge.  We  may  say  in  a 
general  way  that  10  per  cent  increase  in  weight,  with  its  several  times 
greater  increase  in  safe  rolling  load,  will  mean  not  more  than  5.  or  at 
most  6,  per  cent  in  the  cost  of  the  bridge  to  the  company,  and  propor- 
tionately for  greater  or  less  differences  of  weight. 
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EXPERIMENTS   ON  THE    RESISTANCES   OF   ROLLING-STOCK. 

[Made  by  the  anthor  on  the  Lake  Shore  &  Michigan  Southern  Railway,  at  Cleyeland,  (X9 
June-July,  1878.    Abbreviated  frt>m  Trans.  Am.  Soc.  C.  B.,  Feb.,  1879.] 

The  mode  of  test  was  by  what  may  be  termed  the  "  drop  test ;"  start- 
ing cars  from  a  state  of  rest  down  a  known  grade,  and  deducing  the 
resistances  from  the  velocity  acquired.  The  principle  of  this  method  has 
often  been  employed  before,  sometimes  merely  to  determine  comparative 
resistances,  without  attempting  to  measure  their  absolute  amount,  and 
sometimes  to  determine  a  single  average  resistance  from  the  average 
velocity  for  the  whole  descent.  In  the  present  tests  it  was  attempted, 
with  entire  success,  to  extend  this  method  to  the  determination  of  a  series 
of  successive  resistances  at  successive  points  (eleven  in  most  cases)  in  the 
path  of  the  vehicles,  during  which  their  velocity  varied  from  o  to  30 
miles  per  hour.  Great  accuracy  in  time  observations  was  necessary  for 
this  purpose,  which  was  fully  secured  by  the  aid  of  electricity,  so  fully, 
in  fact,  that  the  margin  for  error  in  the  latter  half  of  the  experiments 
is  hardly  more  than  ^  lb.  per  ton.  It  must  be  added,  however,  that 
about  half  the  tests  were  made  before  the  apparatus  was  fully  perfected, 
and  are,  hence,  less  minutely  accurate,  but  the  maximum  errors  in  these 
latter  can  hardly  exceed  i  lb.  per  ton  in  any  case,  as  will  be  evident  from 
the  record  plates,  and  all  errors  of  any  kind  in  this  mode  of  test  are 
necessarily  compensatory,  any  excess  in  one  resistance  causing  a  corre- 
sponding deficiency  in  the  succeeding  one,  and  vzc^  versa. 

It  is  believed  that  equal  accuracy  is  unattainable  by  any  other  mode 
of  test,  since  it  is  plain  that  every  step  in  this  process  is  free  from  any 
sensible  source  of  error  other  than  carelessness.  The  accelerating  force 
(gravity)  is  uniformly  applied,  and  exactly  known  from  formulae,  without 
measurement.  This  force  is  necessarily  all  consumed  (i)  in  overcoming 
the  resistances  to  be  measured,  or  (2)  in  communicating  velocity.  The 
amount  of  force  represented  by  a  given  velocity  is  known  by  formulae, 
without  measurement,  and  the  velocity  itself  is  exactly  recorded  by 
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electricity,  beside  a  synchronous  record  of  seconds,  from  which  intervals 
of  time  may  be  easily  read  off  to  ^  second.  Errors  from  carelessness 
in  computation  are  always  possible,  but  three  checks  existed  against  them: 
(i)  All  formulae  used  were  first  tabulated  by  "constant  differences  ;"  (2) 
most  of  the  resistances  were  computed  independently  by  two  distinct 
methods,  and  (3)  all  the  computations,  when  completed,  were  plotted 
on  the  record  diagrams  (Plate  IX.),  and  so  many  resistances  were  deter- 
mined for  each  test  at  gradually  increasing  velocities,  that  any  consider- 
able error  of  computation  revealed  itself  graphically.  Finally,  any  errors 
which  still  occur  are  not  cumulative,  any  excess  in  one  resistance  causing 
a  corresponding  deficiency  in  the  next  following,  and  vice  versa. 

The  tests  were  made  under  as  great  a  variety  of  conditions  in  respect 
to  load,  number  of  cars  in  a  train,  area  of  cross-section,  etc.,  as  it  was 
possible  to  secure  with  the  limited  time  at  command,  and  give  due  cer- 
tainty to  each.  This  variety  of  conditions  was  secured  in  order  to  facili- 
tate, as  far  as  possible,  one  of  the  objects  which  was  held  especially  in 
view,  viz.,  a  more  correct  separation  than  heretofore  of  the  aggregate 
resistance  from  velocity  only  (excluding  the  normal  axle-friction)  into  its 
constituent  elements,  air  resistance,  oscillatory  resistance,  etc.  This  ob- 
ject, it  is  thought,  has  been  quite  successfully  attained,  and  with  some- 
what surprising  results. 

[The  great  length  to  which  this  volume  has  grown  forbids  the  reproduction 
of  the  body  of  the  paper,  and  those  desiring  to  follow  it  are  referred  to  the 
paper  itself.  The  determination  of  the  possible  air  resistance  especially  is 
believed  to  have  been  sufficiently  exact  to  make  it  certain  that  it  has  less  effect 
on  the  movement  of  trains  than  is  commonly  supposed.  The  following  are  the 
conclusions  of  the  paper:] 

Summary. 

We  may  summarize  the  various  conclusions  reached  in  the  preceding 
paper  as  follows : 

1st.  The  axle  and  rolling  friction  of  empty  freight  cars  may  be  taken 
as  6  lbs.  per  ton  of  2000  lbs.  The  axle  and  rolling  friction  of  coaches 
and  loaded  freight  cars  may  be  taken  as  4  lbs.  per  ton.  The  fluctuations 
from  these  limits  are  small,  rarely  exceeding  i  lb.  per  ton  in  single  cars, 
or  J  to  i  lb.  per  ton  in  a  train. 

2d.  The  initial  resistance  at  the  instant  of  starting  is  several  times 
greater  than  this,  and  greater  for  loaded  than  for  empty  cars,  being  at 
least  18  lbs.  per  ton  for  loaded  cars,  and  14  lbs.  per  ton  for  empty  cars, 
as  an  average,  but  fluctuating  considerably.  Its  amount  probably  varies 
with  the  length  of  stop,  according  to  unknown  laws. 
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5d.  Most  of  this  initial  resistance  is  almost  wholly  instantaneous,  and 
consumes  little  power.  Enough  of  it  still  remains,  however,  to  increase 
the  normal  axle-friction  in  the  first  few  car-lengths  by  at  least  2  lbs.  per 
ton.* 

4th.  The  air  resistance  against  such  a  surface  as  the  end  of  a  box  car 
(about  80  sq.  ft)  is  less  than  \  lb.  per  square  foot  at  a  velocity  of  10  miles 
per  hour,  and  (presumably)  increases  as  the  square  of  the  velocity.  The 
current  estimates  of  this  resistance  (i  lb.  to  i  lb.  per  square  foot)  are 
erroneous  by  from  250  to  500  per  cent,  when  applied  to  surfaces  of  that 


5th.  About  two  thirds  of  the  velocity  resistance  proper,  excluding  the 
normal  axle-friction,  is  due  to  oscillation  and  concussion.  The  resistance 
due  to  this  latter  cause  alone  may  be  estimated  at  \  lb.  per  ton  at  a 
velocity  of  10  miles  per  hour,  varying  as  the  square  of  the  velocity. 

6th.  The  resistance  of  curves  decreases  materially  with  the  velocity, 
and  appears  to  be  greater  by  a  considerable  percentage  in  the  first  200  to 
500  feet  than  on  the  rest  of  the  curve. 

7th.  The  resistance  of  a  i®  curve  is  over  i  lb.  per  ton  at  a  velocity  of 
12  miles  per  hour,  and  decreases  to  about  \  lb.  per  ton  at  a  velocity  of 
22  miles  per  hour.  The  resistance  of  an  8°  curve  is  over  8  lbs.  per  ton  at 
a  velocity  of  9  miles  per  hour,  and  decreases  to  about  6i  lbs.  per  ton 
(probably)  at  a  speed  of  19  miles  per  hour. 

8tb.  The  average  resistance  of  a  i"*  curve  to  4-wheel  trucks,  having  a 
5-foot  rigid  wheel-base,  and  to  6-wheel  trucks  having  a  lof-foot  rigid 
wheel-base  (except  for  the  play  of  the  boxes  in  the  pedestal- jaws),  appear 
to  be  almost  identical. 

9th.  It  appears  possible  that  the  act  of  coupling  together  cars  by  a 
loose  link  slightly  decreases  the  axle-friction,  and  hence,  presumably 
the  oscillating  friction  at  high  velocities.  The  average  reduction 
observed  from  coupling  four  or  five  cars  together  appeared  to  be  as 
much  as  \  lb.  per  ton.  [The  tests  appeared  to  indicate  this,  but  the 
author  now  r^^rds  it  as  very  doubtful.] 

loth.  There  appear  to  be  good  grounds  for  suspecting  that  a  slight 
superelevation  of  one  rail  on  a  tangent  may  have  the  effect  of  appre- 
ciably reducing  the  resistance  to  motion  even  at  velocities  of  ten  or 
twelve  miles  per  hour. 


*  This,  of  course,  does  not  include,  nor  in  any  way  refer  to,  the  additional 
power  demanded  to  get  up  speed,  which  is  2  lbs.  per  ton  to  give  a  speed  of  10 
miles  per  hour  in  3340  feet,  or  4.5  lbs.  per  ton  to  give  a  speed  of  15  miles  per 
hour  in  the  same  distance. 
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I  ith.  Roller-journals  of  various  forms  appear  to  be  very  effectual  at 
velocities  of  o  + ,  but  lose  nearly  all  their  theoretical  advantage  as  the 
velocity  increases.  Such  journals  appear  to  be  more  effective  as  the 
load  is  decreased,  and  reduce  the  resistances  of  empty  horse  cars  by 
about  one  half. 

1 2th.  Forty- two-inch  wheels  seem  to  be  even  more  effectual  than 
theory  would  indicate  in  reducing  extra  friction. 

13th.  The  equation  of  resistance  for  average  trains  (twenty  cars)  of 
loaded  box  cars  may  be  taken,  approximately,  as 


130      ^* 
or,  for  trains  of  forty  empty  box  cars. 

The  velocity  resistances  of  flat  cars  increase  somewhat  more  rapidly, 
being  for  twenty  loaded  flat  cars  — ,  and  for  forty  empty  flat  cars  -q— . 

These  formulae  are  believed  to  be  closely  approximate  up  to  velocities 
of  thirty  miles  per  hour.     No  tests  were  made  at  higher  velocities. 

14th.  The  coefficient  of  axle-friction  is  about  .02  for' loaded  freight 
cars  and  passenger  coaches  at  speeds  of  over  five  miles  per  hour,  about 
.03  for  empty  freight  cars,  about  .065  for  horse  cars,  and  about  .12  for 
freight  trucks  without  load.  The  coefficient  is  two  to  three  times 
greater  at  the  instant  of  starting.  It  decreases  rapidly  as  the  load  per 
journal  increases. 
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EXPERIMENTS  WITH  NEW  APPARATUS  ON  JOURNAL-FRICTION 

AT   LOW  VELOCITIES. 

[A  Paper  by  the  author,  read  before  the  American  Society  of  Civil  Engineers,  June  4*  1884. 

Abbreviated  from  Trans.  Am.  Soc.  C.  B.,  Dec.,  1884.] 

The  following  experiments  were  undertaken  by  the  writer  in  the  winter 
of  1878,  primarily  to  test  the  correctness,  especially  in  respect  to  initial 
friction  at  low  velocities,  of  a  series  of  other  tests  of  rolling-stock  resist- 
ances (see  Appendix  A)  made  in  a  totally  different  manner,  on  the  Lake 
Shore  &  Michigan  Southern  Railway,  under  the  direction  of  Charles 
Paine,  Member  and  ex-President  of  the  Society,  who  kindly  furnished 
the  writer  all  necessary  facilities. 

The  apparatus  used  is  shown  with  sufficient  clearness  in  Fig.  302.  It  is 
extremely  cheap  and  simple,  but  fulfils  its  purpose  as  perfectly  as  could 
be  desired,  and  is  believed  to  be  entirely  novel.  The  axle  .<4  to  be  tested 
is  placed  in  an  ordinary  lathe,  having  as  great  a  variety  of  speeds  as 
possible.  The  testing  apparatus,  as  actually  constructed,  consisted  of  an 
oak  beam,  C,  about  4"  X4"  in  size,  and  about  5  ft.  long,  carrying  the  com- 
pound lever,  LU,  each  of  which  multiplies  the  load  applied  about  1 1  times, 
or,  in  the  aggregate,  125  times.  The  yoke  E  encircles  the  axle  and  bears 
against  the  brass  B  underneath  it,  thus  furnishing  the  necessary  resist- 
ance to  the  action  of  the  levers  and  throwing  the  same  load  upon  the 
lower  brass  ^  as  is  imposed  by  the  levers  directly  on  the  upper  brass  by 
transmission  through  the  pin  Z>,  the  latter  being  passed  through  a  hole 
in  the  beam  C,  The  pressure  was  transmitted  to  both  the  upper  and  the 
lower  brass  by  suitable  iron  blocks  (shown  in  the  cut  directly  above  and 
below  the  brasses),  representing  as  nearly  as  might  be  the  ordinary  form 
of  the  top  of  a  journal-box. 

As  thus  constructed,  it  will  be  seen  that  the  entire  apparatus  (when 
properly  balanced,  which  is  perfected  by  the  light  counterpoise  //")  is 
poised  in  unstable  equilibrium  on  the  axle  A,  and  opposes  no  resistance 
to  motion  in  either  direction,  except  such  as  arises  from  friction.  A  very 
heavy  load  may  be  thrown  on  the  bearings  viz.,  6000  lbs.  (3000  lbs.  on 
58 
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each  bearing)  for  every  24  lbs.  of  load,  W  placed  on  the  extremity  of  the 
compound  lever,  but  the  only  weight  thrown  upon  the  lathe-centres 
is  the  dead  weight  of  the  apparatus  itself,  which  was  kept  constant  at 
20$  lbs. 

[Some  further  details  are  omitted  here,  and  throughout  the  remainder  of  the 
paper.] 

When  the  axle  A  is  caused  to  revolve,  the  lever  C  is  held  stationary 
by  the  platform-scale,  and  it  is  obvious  that  the  pressure  produced  upon 
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Fig.  302.— Apparatus  for  Tksting  Journal-Friction  in  a  Lathb. 

the  scale  furnishes  an  exact  and  direct  measure  of  the  journal-friction 
It  was  found  in  practice  that  this  pressure,  varying  from  10  to  140  lbs., 
with  the  proportions  actually  adopted,  could  be  weighed  with  as  much 
delicacy  and  ease  as  if  it  were  a  material  substance  resting  upon  the 
platform  of  the  scale.  Under  a  given  load  and  speed  of  journal  the 
friction  produced,  although  it  did  not  remain  absolutely  stationary, 
varied  so  very  little  and  so  slowly  that  the  beam  of  the  scale  would 
sometimes  vibrate  slowly  and  gently  between  the  guards  (sometimes 
touching  the  upper  one  and  again  returning  to  the  lower,  but  for  the 
most  part  touching  neither)  for  10  or  1$  minutes  at  a  time.  On  the 
other  hand,  when  the  brass  was  growing  hot,  by  continuing  the  test  for 
a  considerable  time  the  friction  would  continue  to  increase  so  that  the 
scale-weight  had  to  be  continually  moved  ;  but  the  change  was  never  so 
rapid  but  that  it  could  be  easily  followed  and  studied  with  the  scale,  with 
an  absolute  certainty  that  the  friction  existing  for  the  moment  was  being 
accurately  weighed.  The  difference  in  friction  caused  by  temperature 
was  found  to  be  very  great,  but  in  the  absence  of  arrangements  for 
accurately  determining  the  temperature  no  very  close  results  as  to  its 
precise  effect  were  attempted. 
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As  the  failures  in  designing  such  apparatus  are  as  instructive  as  the 
successes,  it  may  be  noted  that  the  entire  success  of  this  apparatus  de- 
pends upon  the  use  of  the  platform-scale,  or  some  equivalent  device  for 
weighing  the  strains,  in  which  the  measurement  of  the  strains  is  as  nearly 
as  may  be  absolutely  statical,  no  motion  of  the  bearing  whatever  being 
necessary  in  order  to  express  a  variation  of  friction.  It  was  at  first 
attempted  to  use  spring-scales  to  measure  the  friction,  with  the  idea  that 
variations  of  friction  could  be  more  delicately  and  readily  read.  The 
vibration  which  would  almost  instantly  set  up,  seemed  to  indicate  quick 
and  great  irr^^larities  of  friction,  and  absolutely  forbade  any  useful  in- 
dications from  the  readings. 

It  has  been  preferred  in  this  paper  to  deal  with  resistances  in  pounds 
per  ton,  instead  of  the  coefficient  of  friction,  for  two  reasons : 

1st.  The  determination  of  these  resistances,  and  not  investigations  of 
the  general  laws  of  all  friction,  was  the  end  in  view  in  the  experiments. 

2d.  The  coefficient  proper  is  a  minute  decimal,  conveying  no  im- 
pression to  the  mind  in  itself,  whereas  resistances  per  ton  are  something 
that  engineers  are  already  familiar  with,  and  being  expressible  with  few 
digits  and  in  integral  numbers,  the  mind  much  more  easily  grasps  and 
follows  their  relations  to  each  other. 

For  the  same  reasons,  the  velocities  here  spoken  of  are  miles  per  hour 
of  train-speed.  Multiplying  the  velocities  given  by  9  gives,  very  approx- 
imately, the  journal-speed  in  feet  per  minute. 

In  the  comparisons  which  follow,  with  various  experiments  the  ap- 
proximate formula,  R  =  200C,  has  been  used  to  convert  the  recorded  co- 
efficients into  pounds  per  ton.  This  is  only  correct  when  the  diameter 
of  a  railroad  journal  is  one-tenth  the  diameter  of  the  wheel.  In  general, 
at  the  present  time,  it  ranges  from  less  than  9  to  9.6  times,  the  latter 
having  been  the  ratio  in  the  present  test ;  so  that  the  use  of  the  approxi- 
mate formula  for  converting  coefficients  obtained  by  others  into  pounds 
per  ton  gives  a  result  about  4  per  cent  too  small.  In  view  of  the  fact, 
however,  that  these  results  differ  300  to  400  per  cent  from  each  other,  in 
many  cases  under  circumstances  which  seem  to  entitle  them  to  equal 
•credit,  this  error  has  not  been  deemed  of  moment,  provided  its  existence 
be  remembered. 

The  apparatus  heretofore  described  is,  when  properly  constructed, 
believed  to  possess  every  important  advantage  of  the  various  testing 
machines  in  use.  with  some  peculiarly  its  own.  It  is  very  light  and 
cheap ;  the  actual  weights  to  be  handled  are  very  small,  so  that  they  are 
readily  changed,  and  but  little  strain  is  produced  on  the  machine;  it  can 
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be  used  in  any  ordinary  lathe  and  with  an  ordinary  platform  scale^ 
enough  varieties  of  which  can  be  obtained  without  special  construction  to 
satisfy  every  requirement;  it  is  positive  in  its  action  throughout,  and  no- 
delicate  computation  and  construction  of  scales  is  necessary  for  its  use ; 
and  it  admits  of  any  desired  delicacy  of  readings  by  the  simple  substitution 
of  more  delicate  scales.  The  common  platform-scale  of  the  shop  where 
the  tests  were  made  was  deemed  sufficient  in  this  instance,  since  the 
stresses  actually  weighed  ranged  so  high  that  the  error  of  observation 
from  lack  of  delicacy  in  the  scales  could  rarely  exceed  a  fraction  of  one 
per  cent.  The  axle  was  set  very  slightly  eccentric,  so  as  to  imitate  the 
effect  of  an  imperfectly  centred  wheel.  This  probably  somewhat  in^ 
creased  the  coefficient,  although  very  slightly  at  the  low  speed  used. 
The  effect  of  end  play  in  distributing  lubricants  was  imitated  by  the  oc- 
casional use  of  manual  force.  It  was  found  possible  to  do  this  in  great 
degree,  and  it  was  generally  found  to  have  a  slight  beneficial  effect  upon 
the  coefficient,  but  only  slight ;  especial  pains  was  at  all  times  taken  to 
have  the  journal  well  lubricated  before  beginning  each  test.  The  jour- 
nals and  brasses  were  fairly  well  polished  by  use  up  to  their  average  con*- 
dition  in  service,  but  no  more. 

The  tests  made  are  shown  in  Table  I.  (omitted),  and  graphically  in 
I^'g-  303.  Three  different  loads  only  were  used  in  testing,  corresponding 
as  nearly  as  might  be  to  the  loads  on  bearings  of  a  loaded  car,  empty  car 
and  truck  alone.  Each  one  of  these  it  was  designed  to  test  a  number  of 
times  at  all  the  speeds  which  the  lathe  used  admitted  of.  Whenever  a 
bearing  heated  above  150°  F.  the  tests  were  suspended  and  the  bearings 
cooled,  since  no  means  had  been  provided  for  accurate  measure  of  tem- 
perature. Each  test,  at  any  given  speed  and  load»  was  continued  for 
from  5  to  even  30  minutes,  when  the  bearings  were  cool,  in  order  to  be 
certain  that  it  was  a  fair  average.  When  the  bearings  were  hot  the  tests 
were  shorter,  and  the  bearings  were  retained  as  nearly  as  might  be  at  the 
same  temperature  by  waiting  a  considerable  interval  between  each  test. 
During  a  test  the  resistance  would  generally  fluctuate,  slowly  and  gently, 
from  10  per  cent  to  sometimes  20  per  cent  higher  or  lower  than  the 
average  afterwards  taken.  This  change  was  considered  normal,  and 
arose  from  no  discernible  cause.  When  the  fluctuations  were  greater 
than  this  they  were  generally  very  much  greater,  and  arose  from  heating 
of  the  bearings. 
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The  intensity  of  the  strain  per  sq.  in.  of  journal  (longitudinal  section) 
is  indicated  graphically  in  this  (and  the  following)  diagrams,  as  follows  : 
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Note.— /«  all  the  diagrams  6elvw,  as  also  in  Fig.  303  giving  results  of 
the  writer's  tests,  the  Journal-speed  has  been  reduced  to  its  equivalent 
train  velocity  in  miles  per  hour  and  the  coefficient  of  friction  to  its 
equivalent  in  pounds  per  ton  tractive  resistance  to  the  locomotive. 

Intensity  of  Load  Per  Sq.  Inch  indicated  by  Thickness  of  Lines. 
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Mt  BsAUCHAHr  TowBu's  Tbts  with  Spbbm  Bath;  thb  Lattbh  .ndicat»d  tliii»-o-o-o- 

(The  most  notable  fact  in  this  diagjam  is,  tbat  while  Thuiston's  and  Town's  lesU 
agree  almost  ptedsely,  with  sperm-oil,  at  90'  temperature  and  100  lbs.  per  sq.  in.,  in- 
cnasing  the  pressure  to  300  11k.  per  sq.  in.  caused  a  marked  increase  of  coefRcient  In 
Thuntoa't  te«u  and  an  equally  maiked  decrease  in  Tower's  tests.) 

Deduction  from  the  Tests. 
( Tom  of  2000  /#j.) 

Initial  Frietion. — The  writer's  observations  under  this  head  were  ex- 
ceptiona.lly  complete,  and  the  conclusions  reached  were  as  follows : 

1,  Friction  at  very  low  journal-speeds  of  o  +  is  abnormally  great, 
and  more  neariy  constant  than  any  other  element  of  friction,  under  vary- 
ing conditions  of  lubrication,  load,  and  temperature.  It  varies  from  18 
to  24  lbs.  per  ton  (coefficient,  ,09  to  .12)  for  loads  of  from  30  to  280  lbs. 
per  square  inch.  Within  those  limits  it  is  not  greatly  modified  by  load 
at  temperature. 

2.  This  abnormal  increase  of  friction  is  due  solely  to  the  velocity  of 
revolution  continuing  unchanf^d  so  long  as  the  velocity  is  unchanged, 
and  returning  to  the  same  amount  whenever  the  velocity  is  reduced  to 
the  same  rate,  barring  eiceptionally  slight  variations,  probably  due  to 
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differences  of  lubrication  and  temperature.  It  is  not  appreciably  affected 
by  the  fact  that  the  journal  may  be  just  starting  into  motion,  or  is  just 
coming  to  rest,  or  is  temporarily  reduced  to  a  velocity  of  o  +  during 
continuous  motion. 

3.  At  velocities  higher  than  o  +,  but  still  very  low,  the  same  general 
law  obtains.  The  coefficient  falls  very  slowly  and  regularly  as  velocity 
is  increased,  but  is  constantly  more  and  more  affected  by  differences  of 
lubrication,  load,  and  temperature. 

4.  A  very  slight  excess  of  initial  friction  proper  (varying  from  J  lb. 
to  2  lbs.)  could  generally  (but  not  always)  be  observed  over  that  which 
continued  to  exist  at  the  nearest  approach  to  a  strictly  infinitesimal 
velocity  which  it  was  possible  to  obtain.  This  difference  was,  by  analogy, 
ascribed  solely  to  the  fact  that  the  lowest  continuous  velocity  attainable 
was  not  strictly  infinitesimal,  and  the  final  conclusion  was  drawn  that — 

5.  There  is  no  such  phenomenon  in  journal-friction  as  a  friction  of 
resit  or  a  friction  of  quiescence,  in  distinction  from  (i.e.,  differing  in 
amount  from)  friction  of  motion  at  slow  velocities,  and  due  to  the  fact 
of  quiescence.  Consequently,  the  use  of  such  a  term,  although  con- 
venient, is  scientifically  inaccurate,  in  that  it  ascribes  the  phenomenon 
to  the  wrong  cause,  and  to  a  cause  which  is  not  necessary  for  its  exist- 
ence. The  fact  that  friction  of  rest,  as  such,  appears  to  exist,  is  due 
solely  to  the  fact  that  no  journal  or  other  solid  body  can  be  instantly 
set  into  rapid  motion  by  any  force,  however  great.  There  must  be  a  cer- 
tain appreciable  instant  of  time  during  which  the  velocity  is  infinitesimal 
and  gradually  increasing. 

This  interesting  fact,  which  is  believed  to  have  been  here  observed 
for  tjie  first  time  (no  other  apparatus  being  known  to  have  been  used 
suitable  for  determining  it),  was  determined  with  great  completeness  by 
many  tests.  Very  slow  motion  could  be  produced  at  any  time  by  re- 
volving the  driving-pulley  of  the  lathe  by  hand  when  geared  for  a  slow 
speed.  With  a  little  experience,  the  weight  on  the  scale-beam  could  be 
placed  in  advance  at  a  point  which  would  be  a  trifle  less  than  the  initial 
friction  proper,  and  (when  properly  placed)  it  would  barely  lift  when 
motion  first  began,  and  then  have  to  be  moved  back  a  notch  or  two  only, 
to  weigh  the  friction  which  continued  to  exist  indefinitely.  Similarly, 
when  a  test  at  comparatively  high  speed  was  about  to  be  concluded,  the 
scale-weight  would  be  placed  to  measure  the  same  pressure,  or  a  little 
less,  as  existed  in  starting,  and  it  was  always  found  to  indicate  in  stop- 
ping substantially  the  same  friction  as  in  starting.  The  same  test  was 
made  by  interrupting  tests  at  speed,  so  as  to  give  a  contmuous  motion. 
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bat  to  suddenly  reduce  the  speed  to  o  +.    These  tests  were  repeated 
again  and  again,  with  practically  identical  results. 

Comparing  these  results  with  others,  they  agree  very  closely  indeed 
with  the  writer's  conclusions  from  the  results  of  his  gravity  tests,  as  will 
be  seen  below : 

"  Initiar*  Journal-friction  (i.e.,  at  velocity  of  o  +). 

Writer's  conclusions  from  journal  tests,  above,  say. .     19    to    25  lbs.  per  too. 
Writer's  conclusions  from  gravity  tests  of  rolling-stock 

(see  Trans.  Am.  Soc.  C.  E.,  February,  1879),  *'  at 

least" 14    to    18    •*      ••     " 

Prof.  R.  H.  Thurston  ("Friction  and  Lubrication," 

page  I75)t  W.  Va.  oils 22    to    28     "      *'    " 

Prof.  R.  H.  Thurston  (**  Friction  and  Lubrication," 

page  175),  sperm 14    to    28     "      **    •' 

Prof.  R.  H.  Thurston  ("  Friction  and  Lubrication," 

page  175),  lard 14    to    2a    **       -    - 

Prof.  Kimball  (Am,  Jour.  Set.,  March,   1878,  or  Fr. 

and  L.,  page  186) 22    to   31     ••      ••    ** 

In  addition,  it  may  be  noted  that  the  writer  has  taken 

pains  to  observe  with  some  care  at  various  times 

that  in  ordinary  service  no  railroad  cars  can  start 

themselves  from  rest,  nor  can  they,  in  general,  be 

started  without  the  use  of  much  force,  on  a  grade 

of  .7  per  cent  <=  14  lbs.  per  ton,  36  ft.  per  mile), 

but  that  they  will  generally  (but  not  always)  start 

of  themselves  on  a  grade  of  i.i  to  1.2  percent 

(=  22  to  24  lbs.  per  ton.  55  to  63  ft.  per  mile),  in- 
dicating an  "initial"  friction  of 20   to    24    **      ««    « 

These  results  agree  wonderfully  well  with  each  other,  the  averages 
running  18,  16.  25.  20.  i3,  25;,  and  22  lbs.  per  ton.  the  average  of  all  Uring 
18.0  to  2yjo  lbs.  per  ton.  or  30J  lbs.  as  the  ger.erai  average  of  all.  This 
corresponds  to  the  accc'crating  force  of  grravity  on  a  i  per  cent  f^2.i  ft. 
per  mile)  grade,  and  that  being  also  the  lowest  grade,  b\'  universal  rail- 
road experience,  'jpon  which  cars  can  be  reiied  on  to  start  off  from  a 
state  of  rest  with  IntJc  or  no  assistance,  the  correctness  of  this  coefficient 
may  be  considered  as  we'l  deters:  i-ied-* 

*  On  a  0.7  per  cent  griit  liVyt  per  toe  'it  wr.ttr  found  it  imp<>M>ible  iti 
several  itts*.aaces  Iw  sa  tnes  pus^ciag.  tw^  w.t  ;/  r.'.i.-tffert.  to  tiart  two  lvad«d 
box  cars  into  moti^m.  In  ao  fcingie  issuc^ce  ou:  of  ov*rr  ^ixty  did  cars  »tan 
without  SOUK  aassiaiice. 
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Normal  Coefficient  of  Journal-friction  at  Ordinary  Operating  Veloci- 
ties,— Certain  general  facts  seem  to  be  clear  from  all  the  various  tests 
here  considered : 

The  first  of  these  is,  that  (i)  the  character  and  completeness  of 
lubrication  seems  to  be  immensely  more  important  than  the  kind  of 
the  oil,  or  even  pressure  and  temperature,  in  affecting  the  coefficient. 

This  is  very  clear  from  the  diagrams  (Figs.  303  to  307)  showing  the 
various  results.  Mr.  Tower  found  that  lubrication  by  a  bath  (whether 
barely  touching  the  axle  or  almost  surrounding  it)  was  from  six  to  ten 
times  more  effective  in  reducing  friction  than  lubrication  by  a  pad.  By 
this  method  of  lubrication  Mr.  Tower  succeeded  in  reducing  the  co- 
eflicient  in  a  large  number  of  tests  to  as  low  a  point  as  .001,  equivalent 
to  only  0.2  lb.  per  ton  of  tractive  resistance,  and  the  general  average  in 
the  bath  tests,  under  all  varieties  of  load  and  speed,  is  given  as  only 
.00139  or  0.278  lb.  per  ton,  against  1.96  to  1.95  lbs.  per  ton  with  siphon- 
lubricator,  or  pad  under  journal.  These  results  are  very  far  below  any 
heretofore  reported,  as  will  be  seen  from  the  following  general  average 
of  results;  not  considering  now  the  comparatively  minor  variations  pro-^ 
duced  by  ordinary  working  differences  in  temperature,  load.  etc. 

The  normal  journal-friction,  under  favorable  conditions,  deduced 
from  various  series  of  tests,  may  be  summarized  as  follows  for  velocities 
greater  than  10  miles  per  hour,  or  90  ft.  per  minute,  journal  speed : 

Beauchamp  Tower,  bath  of  oil 278  lbs.  per  ton. 

padorsiphon 1.9       '*      **     ** 

Thurston,  light  loads 2.75      **      "     " 

heavy  loads 1.75      "      "     " 

Wellington  (gravity  tests  of  cars  in  service),  light  loads  ....  6.0       "      "     " 

heavy  "     3.9       "      "     " 

3.7         **       •*      ** 

3.0 

Morin,  continuous  lubrication 6.0  to  10.8       "      "     " 

These  discrepancies,  especially  as  they  are  accompanied  by  many 
minor  ones,  are  very  instructive,  as  showing  that  the  character  of  lubri- 
cation is  the  great  cause  of  variation  of  coefficient. 

Resistance  of  Freight  Trains  in  Starting, — It  will  be  seen  in  Fig.  303 
that  the  abnormally  high  coefficient  of  friction  at  starting  continues 
during  the  period  of  getting  up  speed,  and  thus  constitutes  an  extra  tax 
upon  tractive  power  for  some  little  distance  after  getting  under  way. 
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The  following  conclusions  may,  it  is  believed,  be  drawn  (already  sum- 
marized in  par.  635). 

Effect  of  Temperature  on  Coefficient  of  Friction. — So  far  as  can  be 
estimated,  the  results  agree  very  closely  with  Prof.  Thurston's  formula 
that  the  coefficient  increases  as  the  square  of  the  increase  of  heat  over 
90°  to  100°  F.  at  speeds  under  12  miles  per  hour. 

Effect  of  Load  per  Square  Inch  of  Bearing  on  Coefficient  of  Friction, — 
Comparison  of  the  results  obtained  by  the  writer,  and  by  Messrs.  Thurs- 
ton and  Tower  and  others,  as  shown  in  Figs.  303  to  307,  develop  this 
curious  fact :  that  while  the  results  diflfer  quite  widely,  in  fact  by  several 
hundred  per  cent,  in  what  may  be  called  the  typical  or  average  co- 
efficient of  friction,  they  all  agree  quite  closely  in  finding  that  the  effect 
of  increased  load,  within  working  limits,  is  to  very  materially  diminish 
the  coefficient.  Mr.  Tower,  in  fact,  goes  so  far  as  to  state,  as  one  of  the 
results  of  his  tests,  that  it  almost  seemed  at  times  as  if  it  was  approxi- 
mately true  that  the  absolute  loss  by  friction  was  entirely  independent  of 
load,  the  coefficient  falling  almost  to  half  when  the  load  was  doubled. 
But  it  seems  plain,  from  the  diagrams  given  herewith,  that  this  result  is 
only  true  on  account  of  the  unprecedentedly  low  coefficients  which  he 
obtained  by  his  very  perfect  lubrication.  Inspection  of  the  diagrams  will 
show  that  the  general  law  of  variation  from  increase  of  load  is  not  mate- 
rially different  in  the  different  tests,  despite  the  wide  variations  in  the 
average  coefficients. 

Effect  of  Velocity  over  Twelve  Miles  per  Hour, — Figs.  303  to  307,  taken 
in  connection,  seem  to  show  the  following : 

1.  The  velocity  of  lowest  journal-friction  is  10  to  15  miles  per  hour, 

2.  With  bath  or  other  very  perfect  lubrication  there  is  a  very  slight 
increase  of  journal-friction  accompanying  velocities  up  to  55  miles  per 
hour  (Figs.  306  and  307). 

3.  With  less  perfect  lubrication,  as  with  pad  or  siphon,  greater 
velocity  is  as  apt  to  decrease  as  to  increase  the  coefficient  (Figs.  304, 305, 
and  307).  The  latter  being  more  like  the  ordinary  lubrication  in  railroad 
service,  we  may  say,  without  sensible  error,  that  the  coefficient  of  journal- 
friction  is  approximately  constant  for  velocities  of  15  to  50  miles  per 
hour. 

This  has  been  the  assumption  which  all  investigators  of  railroad  fric- 
tion, to  date,  have  been  compelled  to  make,  and  it  is,  in  some  respects, 
fortunate  that  it  proves  not  far  from  true. 

Higley  Roller- Journal  Bearings. — The  direct  tests  of  this  apparatus 
confirmed  exactly  the  correctness  of  the  writer's  previously  stated  con- 
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elusions,  that  the  Higley  bearing  was  nearly  as  efficient  as  theory  would 
indicate  in  reducing  initial  friction,  but  loses  nearly  all  of  this  advantage 
under  speed. 

[The  paper  was  followed  by  a  long  discussion,  which  it  is  necessary 
to  omit,  bringing  out  many  further  points  of  interest.] 
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THE  AMERICAN  LINE  FROM  VERA  CRUZ  TO  THE  CITY  OF 
MEXICO,  y/A  JALAPA,  WITH  NOTES  ON  THE  BEST  METHODS 
OF  SURMOUNTING  HIGH  ELEVATIONS  BY  RAIL. 

[Read  bj  the  author  at  the  Annual  Convention  of  the  American  Society  of  Civil  Engi- 
neers, July  3,  1886.     See  Trans.  Am.  Soc.  C.  £.,  Nov.  x886.] 

The  line  described  in  this  paper,  and  illustrated  in  the  accompanying 
maps  and  profiles,  is  one  located  by  the  writer,  as  consulting  and  after- 
ward chief  engineer,  from  the  Port  of  Vera  Cruz  to  the  city  of  Mexico, 
via  the  city  of  Jalapa,  being  a  parallel  line  to  the  existing  Mexican  Rail- 
way— the  first  railway  built  in  Mexico — in  the  sense  of  connecting  the 
same  termini,  although  following  a  very  different  route  and  of  a  very 
different  character. 

All  the  features  of  interest  and  of  difficulty,  both  in  the  line  here  de- 
scribed and  in  the  line  of  the  Mexican  Railway,  are  confined  to  the 
mountain  grade  by  which  the  necessary  abrupt  ascent  from  the  level  of 
the  sea  to  the  level  of  the  plateau,  8000  feet  above  the  sea,  is  accom- 
plished. Once  on  the  plateau  there  is  no  great  difficulty  in  going  almost 
anywhere  with  very  light  work ;  many  high  mountains  being  scattered 
around,  even  on  the  plateau,  but  disconnected,  with  flat  lands  between. 

The  elements  which  appear  to  make  the  mountain  grade  of  this  line 
particularly  worthy  of  description  are  these  : 

First,  It  is  believed  to  be  by  far  the  longest  continuous  grade-line 
ever  located:  116.9  kilometres  ^72.64  miles)  having  been  located  on  an 
unbroken  2  percent  grade  (103.6  feet  per  mile),  rising  in  that  distance 
from  elevation  600.4  feet  (183  metres)  to  elevation  7923.3  feet  above  the 
sea  (2415  metres).  The  accompanying  plate  (Fig.  232;  shows  graphically 
the  extent  of  the  contrast  in  this  respect  with  some  of  the  other  great 
inclines  of  the  world. 

Secondly.  It  is  believed  to  be  on  the  lowest  rate  of  grade,  by  about 
2  per  cent,  ever  successfully  attempted  for  accomplishing  within  a 
limited  distance,  either  by  a  continuous  grade-line  or  otherwise,  a  rise 
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of  over  one  half  as  much  as  was  attained  on  this  line.  The  grounds  for 
this  belief  also  are  shown  in  the  accompanying  plate  (Fig.  232). 

Thirdly,  The  line  is  believed  to  be,  by  probably  one  half  at  least, 
the  cheapest  line  per  mile  which  has  ever  been  actually  located,  with 
equally  favorable  alignment,  for  attaining  within  a  limited  distance  as 
much  as  one  half  the  rise  actually  attained  by  this  line,  either  by  con- 
tinuous or  broken  grade-lines,  on  any  rate  of  grade.  As  for  this,  Table 
190,  Figs.  309  and  310,  and  the  general  knowledge  of  engineers  are  the 
only  evidence  that  can  conveniently  be  appealed  to,  or  which  it  is  worth 
while  to  attempt  to  present. 

Finally,  It  appeared  that  the  manner  in  which  the  line  was  obtained 
might  have  a  certain  instruction  and  encouragement  to  those  who  may 
be  dismayed,  as  was  the  writer,  by  having  similar  problems  of  unusual 
difficulty  suddenly  thrust  upon  them,  and  it  was  also  desired  to  give,  in 
connection  with  the  description  of  the  line,  certain  conclusions  which 
the  observation  and  experience  of  the  writer  has  indicated — not  only  on 
this  incline,  but  on  eight  or  ten  others  of  considerable  rise,  which  have 
been  located  or  relocated  in  part  or  whole  under  his  supervision,  aggre- 
gating over  24,000  vertical  feet — in  regard  to  the  most  advantageous  and 
economical  manner  of  dealing  with  great  inclines,  under  which  may  be 
classed  anything  exceeding  1200  to  1500  feet  of  vertical  rise. 

It  is  one  of  the  unfortunate  features  of  the  department  of  engineering 
to  which  this  paper  refers — that  of  laying  out  railway  lines  to  the  best 
economic  advantage — ^that  a  mere  description  of  a  located  line  has 
usually  little  technical  interest  or  instruction,  since  it  is  ordinarily  im- 
possible to  so  carefully  describe  any  line  on  paper  as  to  enable  even  an 
intelligent  impression  to  be  formed  as  to  the  real  character  of  the  work. 
If  the  grades  and  work  be  light,  it  may  be  because  the  line  was  well  laid 
out,  or  it  may  be  simply  because  there  were  no  serious  natural  obstacles 
in  the  way.  On  the  other  hand,  if  the  grades  and  work  be  heavy,  it  may 
be  due  to  bad  engineering,  and  so  discreditable;  or  it  may  be  due  to  the 
existence  of  gigantic  difficulties,  and  so  an  evidence  of  skill.  It  is  but 
natural,  however,  that  the  magnitude  of  the  natural  difficulties  to  be 
overcome  should  in  general  be  regarded  as  bearing  some  nearly  constant 
ratio  to  the  magnitude  of  the  works  constructed  to  overcome  them  ;  and 
hence,  that,  even  when  the  construction  of  a  very  costly  line  may  have 
been,  as  a  matter  of  fact,  an  avoidable  extravagance,  due  to  lack  of  skill 
or  foresight,  the  very  magnitude  of  the  works  gives  more  instead  of  less 
reputation  to  the  line  as  an  engineering  work. 

Only  in  the  comparatively  rare  cases  when  two  independent  alternate 
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lines  exist  between  the  same  termini,  is  it  possible  for  the  engineer  to 
find  in  printed  descriptions  of  located  lines,  however  perfectly  mapped, 
any  rational  basis  for  intelligent  judgment.  The  present  happens  to  be 
one  of  the  cases  in  which  this  is  possible,  owing  to  the  existence  of  the 
parallel  line  before  mentioned,  but  in  order  to  avail  of  it,  it  becomes 
necessary  to  enter  somewhat  into  what  would  otherwise  be  an  invidious 
— ^because  unnecessary — comparison  with  the  parallel  and  previously 
constructed  line.  The  writer  feels  the  less  embarrassed  in  doing  this, 
as,  owing  to  the  checkered  history  of  the  line,  no  one  engineer  can  be 
held  responsible  for  its  character,  and  there  were  certain  circumstances 
tending  to  impede  entire  freedom  of  choice  and  proper  investigation. 

The  whole  interior  of  Mexico  is  a  vast  plateau,  at  an  elevation  of  5000 
to  9000  feet  above  the  sea,  bounded  by  an  abrupt  escarpment  from  which 
the  descent  to  sea-level  is  almost  immediate.  The  edge  of  the  plateau  is 
higher  and  sharper  on  the  Atlantic  than  on  the  Pacific  Coast,  and  at  no 
point  on  either  the  Atlantic  or  Gulf  Coast  is  it  higher  or  sharper  than 
•directly  in  line  between  the  capital  of  the  country,  Mexico,  and  its  chief 
port.  Vera  Cruz.  Here  two  stupendous  natural  obstacles,  the  Pico  of 
Orizaba  on  the  south  (17,873  feet  high),  and  the  Cofre,  or  "  Box,"  of 
Perote  (12,500  feet  high),  both  of  them  described  in  physical  geographies 
as  volcanoes,  although  both  are  temporarily  extinct,  and  the  two  con- 
nected by  a  ridge  over  10,000  feet  high  at  its  lowest  saddle— combine  to 
forbid  a  direct  line  inward. 

Orizaba  is  one  of  the  three  mountains  in  Mexico  covered  with  per- 
petual snow,  the  other  two  being  Popocatepetl  (17.884  feet),  and  Ixtac- 
cihuatl  (15,705  feet),  overlooking  the  valley  of  Mexico.  These,  however^ 
start  from  a  plain  8000  feet  high,  whereas  Orizaba  starts  practically  from 
sea-level  on  the  coast  side,  making  it  in  that  sense  by  much  the  highest 
mountain  on  the  North  American  Continent,*  and  among  the  highest  in 
the  world.  Its  snow-clad  peak  is  visible  60  miles  out  at  sea,  long  before 
there  is  any  other  evidence  of  land,  and  with  the  morning  sun  shining  on 
it  is  a  very  striking  sight.  Its  last  violent  eruption  was  in  1546,  soon 
after  the  Spanish  conquest,  although  it  now  occasionally  throws  out 
smoke.  Only  one  or  two  men  have  ever  ascended  to  its  crater,  the  first 
one  having  been  Lieutenant  Reynolds.  U.S.A.,  in  1848.  The  line  of  the 
Mexican  Railway  passes  to  the  south  of  this  mountain,  as  shown  in  Fig. 
308. 


*  Mount  St.  Elias,  in  Alaska,  in  a  possible  exception,  being  only  about  30 
miles  inland,  and  its  height  variously  given  as  14,970,  16,900,  17,850,  "over 
iS,ooo"  (U.  S.  Census  Report),  and  19.500. 
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The  Cofre,  or  "  Box,"  of  Perote  (so  named  from  a  cylindrical  basaltic 
needle  about  300  feet  in  diameter  and  300  feet  high  which  caps  the 
mountain,  like  a  box  laid  on  it«  peak),  although  formerly  one  of  the  most 
active  volcanoes  in  the  world,  and  classed  as  still  active,  is  perhaps  per- 
manently extinct,  its  last,  and  probably  also  its  greatest,  eruption  having 
been  to  form  what  looks  to  be,  and  is  in  fact,  a  frozen  river  of  lava,  shown 
in  Fig.  309,  extending  to  and  running  into  the  sea  50  miles  distant,  filling 
up  an  enormous  barranca  or  deep  gulch  in  the  process,  in  a  manner 
which  was  very  convenient  for  subsequently  carrying  the  line  over  it,  as 
may  be  seen  in  Fig.  309.  The  natural  variations  in  the  width  of  this 
gulch  have  caused  lakes  and  frozen  "  water-falls"  of  lava,  which  makes 
it  difficult  to  believe,  as  one  looks  up  the  slope  upon  it  from  some  com- 
manding point,  that  the  mass  is  not  still  flowing,  making  it  a  unique  and 
impressive  bit  of  natural  scenery.  Vessels  have  been  frequently  wrecked 
in  the  toe  of  this  flow  where  it  enters  the  sea.  It  has  still  hardly  any 
deposit  of  sand,  soil,  or  vegetation  on  it,  that  and  other  facts  evidencing 
that  the'  flow  is  geologically  very  recent,  not  antedating  much  the 
historic  era. 

Around  the  north  side  of  this  mountain,  and  directly  over  this  lava 
flow,  the  line  here  described  passes,  as  shown  in  Figs.  308  and  309,  being 
about  sixty  miles  north  of  the  Mexican  Railway  line  at  its  greatest  diver- 
gence, the  two  beginning  to  come  together  again  very  soon  thereafter. 
The  summit  of  Perote  is  just  below  the  limit  of  vegetation  and  of 
perpetual  snow,  and  it  is  very  easily  ascended  on  horseback  to  the  foot 
of  the  **  cofre,"  or  box,  that  fact  alone  being  an  evidence  to  the  engineer 
of  how  different  the  topography  of  its  slopes  must  be  from  those  of  its 
southerly  companion.  Evidences  abound  of  tremendous  flows  of  lava  in 
remote  geologic  times,  which  are  now  covered  to  a  considerable  depth 
with  soil,  and  in  the  kind  of  pocket  formed  between  the  foot-hills  of  the 
two  great  mountains,  in  which  lie  Jalapa  and  Coatepec,  the  detritus  of 
ages  has  accumulated,  including  probably  great  amounts  of  volcanic  ash, 
so  that  no  rock  exists  over  large  areas,  as  was  afterwards  discovered,  ex- 
cept in  isolated  points. 

Cortez  followed  this  route  on  his  first  invasion,  as  did  Greneral  Scott 
528  years  later ;  but  from  an  early  date  after  the  conquest  of  Cortez  two 
leading  routes  have  existed  between  the  interior  and  Vera  Cruz,  follow- 
ing substantially  the  two  railway  lines  here  described,  one  through  Jalapa, 
rounding  Perote  to  the  north,  and  the  other  via  Orizaba,  rounding  the 
mountain  of  that  name  to  the  south.  The  northerly  line  was  first  con- 
structed, and  over  it,  for  300  years  (between  1521  and  1812-20)  passed 


Map  of  Recion  between  Vera  Cruz  and  the  Cmr  o* 

Mexico,  showing  the  Line  of  the  Mexican  Raii- 

WAV  AND  THE  JaLAPA  LlNE  AS  ORKIINALLV  SKETCHED, 
AND  IN  SliliSTANCB  AFTERWARDS  LOCATED,  BELOW  PE. 
BOTK. 
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vast  sums  of  silver  and  gold,  practically  the  entire  product  of  the  Mexican 
mines,  amounting  in  the  aggregate  to  $3,000,000,000,  or  nearly  half  of 
the  value  of  silver  in  the  whole  world,  which  in  1876  was  estimated  at 
$7,232,071,674,  exclusive  of  what  existed  before  1520,  which  was  rela- 
tively little.  During  all  this  time  the  southerly  route  was  an  insignifi- 
cant trail,  but  early  in  this  century  the  southerly  route  took  prominence, 
and  the  Jalapa  camino  real,  or  "  King's  highway"  (as  the  leading  roads 
are  still  called  in  republican  Mexico),  was  suffered  to  fall  into  decay.  It 
had  originally  been  paved,  guttered,  and  curbed  for  the  entire  distance 
from  Jalapa  to  Vera  Cruz,  some  73  miles,  and  from  Jalapa  up  the  moun- 
tain a  fine  macadamized  road,  likewise  curbed  and  guttered,  existed,  and 
still  exists  in  fine  order,  having  been  recently  repaired.* 

Within  fifteen  or  twenty  years  after  the  abandonment  of  the  north- 
erly highway,  as  early  as  1837,  the  movement  for  a  railway  between  Vera 
Cruz  and  Mexico  was  begun  by  Don  Francisco  Arrillaga,  and  very  nat- 
urally, but  very  unfortunately,  the  route  w^hich  had  by  that  time  become 
the  only  one  generally  known,  assumed  a  prominence  which  it  held  to 
the  end.  The  very  facts  which  made  it  best  suited  for  a  highway,  that  a 
very  comfortable  valley  ran  directly  up  into  the  bowels  of  the  mountains, 
from  which  the  ascent  was  abrupt  and  sharp  to  the  plains  above,  made  it 
unsuited  for  a  railway  line,  but  this  could  hardly  be  appreciated  at  that 
early  day. 

By  1854  the  construction  of  a  tramway  from  Vera  Cruz  had  been  be- 
gun, Don  Antonio  Escandon,  a  wealthy  Mexican  banker,  who  was  chiefly 
instrumental  in  pushing  the  project  through  to  completion,  having  then 
taken  hold  of  the  enterprise.  Don  Antonio  had  a  large  estate  near  Ori- 
zaba, and  his  property  mterests  may  well  have  somewhat  influenced  the 
final  decison.  However  this  may  be,  in  1857,  Colonel  Andrew  H.  Tal- 
cott,  an  American  engineer,  arrived  with  a  staff  of  assistants,  the  only 
member  of  which  now  living,  the  writer  believes,  is  Mr.  S.  Wimmer,  M. 
Am.  Soc.  C.  E.,  then  a  very  young  man,  after  whom  one  of  the  leading 
bridges  of  the  line  was  subsequently  named.  According  to  one  of  the 
published  histories  of  the  road,  all  these  engineers  confined  their  labors 
to  the  Orizaba  line,  that  via  Jalapa  being  mtrusted  to  a  Mexican  engi- 

*  On  the  lower  part  of  this  highway  a  splendid  stone  bridge,  the  PmnU 
Real^  or  as  now  described,  the  Puente  Naciojtal,  which  has  been  not  unreason- 
ably claimed  to  be  **  worthy  of  the  best  days  of  Rome,"  still  exists  in  perfect 
order,  and  as  showing  the  fine  quality  of  the  Mexican  lime,  the  joints  are  con- 
siderably harder  than  the  stone  itself  (which  is  durable  but  rather  soft),  and  are 
vorn  less. 
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neer,  Don  Pascual  Almazon.  According  to  other  accounts,  a  commis- 
sion of  engineers  examined  both  lines.  If  the  first  was  the  case,  it  is  less 
surprising  that  "on  comparing  the  separate  surveys,"  as  the  history  of 
the  road  states,  that  by  Orizaba  was  finally  adopted,  on  the  grounds,  first, 
that  there  was  more  traffic  to  be  secured  on  it  (which  is  rather  more 
than  doubtful,  although  the  local  traffic  at  best  is  an  insignificant  ele- 
ment), and  secondly,  that  "  notwithstanding  it  requires  great  and  costly 
works,  the  line  presents  greater  facilities  than  that  by  Jalapa,  where  the 
larger  number  of  ravines  and  the  harder  nature  of  the  soil  would  have  re- 
quired much  heavier  outlay''  A  greater  mistake  than  is  contained  in  the 
italicized  part  of  the  quotation  could  not  well  be. 

Colonel  Talcott's  estimate  of  the  line  was  $15,000,000,  but  nothing 
more  was  done  than  to  build  about  ten  miles  of  surface  line  out  of  Vera 
Cruz,  until  August,  1864,  when  the  military  necessities  of  the  Emperor 
Maximilian  led  to  a  real  beginning  and  prompt  pushing  of  the  work 
under  English  engineers,  and  by  an  English  company,  which  still  con- 
trols it.  Beyond  a  statement  that  the  resumption  was  "after  rectifying 
the  plans  of  Colonel  Talcott,"  the  official  history  contains  no  record  of 
the  second  examination  of  the  whole  question  of  route,  which  was  in 
fact  made,  although  how  thoroughly  the  writer  cannot  state. 

By  1867  the  line  was  opened  from  Vera  Cruz  to  Paso  del  Macho,  ^']\ 
miles,  and  from  Mexico  to  Apizaco,  86i  miles,  the  rails  for  the  latter 
being  hauled  by  wagons  an  average  of  200  miles  inland,  at  enormous 
cost — a  hard  condition  imposed  by  the  Mexican  Government.  A  third 
change  of  engineers  took  place  about  this  time,  while  the  heavier  parts 
of  the  work  were  still  unexecuted.  In  1868,  the  Puebla  branch,  29  miles, 
was  opened,  the  rails  for  it  having  been  hauled  in  the  same  manner.  In 
1870  the  line  was  opened  to  Atoyac,  54  miles  from  Vera  Cruz ;  in  187 1  to 
Fortin  ;  in  1872  to  Orizaba,  and  on  the  last  day  of  that  year  the  entire 
line  was  opened  with  great  ceremony. 

Shortly  thereafter,  in  1874,  Don  Ramon  Zangronez,  of  Vera  Cruz, 
succeeded  in  getting  a  branch  line  to  Jalapa  well  under  way,  and  in 
having  it  assumed  by  the  Mexican  Railway,  which  completed  it,  as  shown 
in  Fig.  308,  in  May,  1875.  It  is  operated  solely  by  animal  power,  being 
probably  by  far  the  longest  horse  railway  in  the  world.  Its  grades  are 
very  severe  (10  per  cent),  and  its  curves  of  ordinary  horse-car  radii. 
It  is  laid  for  a  great  part  of  its  length  along  the  old  camino  real, 
and  exhibits  the  same  trait  as  the  main  line  of  the  Mexican  Railway  to 
the  foot  of  the  mountains — that  is,  it  runs  obliquely  across  the  drainage 
lines,  thus  materially  increasing  the  difficulties  of  both  lines,  but  making 
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the  Jalapa  line  absolutely  impracticable  for  an  ordinary  railway,  even 
with  gigantic  work.  It  was  probably  some  such  erroneous  treatment  of 
the  lower  part  of  the  descent  which  led  to  the  condemnation  of  the  route, 
as  it  seems  impossible  that  an  ascent  from  Jalapa  on  a  4  per  cent  grade 
could  have  been  deemed  as  serious  as  that  from  Orizaba  on  the  adopted 
line. 

The  main  line  thus  constructed  is  still  one  of  the  most  massive  and 
costly  in  the  world.  Its  cost  was  abnormally  increased  by  two  causes : 
First,  the  political  condition  of  the  country,  which  was  so  much  disturbed 
that  it  no  doubt  added  much  to  the  cost ;  and  secondly,  the  absurd  re- 
quirement that  construction,  including  track-laying,  should  begin  from 
both  ends  at  once,  necessitating  the  enormous  expense  referred  to  for 
hauling  rails  over  execrable  roads  from  Vera  Cruz  to  Mexico  and  Puebla. 
in  all  some  1 5,000  tons  of  rails  were  thus  hauled,  at  a  cost,  the  writer 
believes,  of  some  $80  per  ton,  amounting  to  some  $1,200,000  in  all.  On 
the  other  hand,  there  was  little  direct  inflation  of  the  capital  account, 
most  of  the  share  capital  representing  actual  money  paid  in.  The  gross 
nominal  cost  of  the  line  was,  as  nearly  as  may  be,  $40,000,000.  Reducing 
this  by  one  half,  we  shall  make  an  ample  allowance  for  the  effect  of  all 
abnormal  causes  tending  to  increase  cost  of  line,  and  for  the  cost  of  the 
Jalapa  horse  railway  and  the  small  amount  of  rolling-stock  (65  engines, 
810  cars),  leaving  $20,000,000  to  represent  the  actual  cost  of  264  miles 
of  main  line  and  29  miles  of  branch.  Of  this  the  section  between  Paso 
del  Macho  and  Boca  del  Monte  alone,  some  60  miles,  is  in  any  sense 
difficult  or  costly  work.  The  remaining  223  miles  is  light  work,  with  i^ 
per  cent  grades,  which  latter  are  quite  unnecessarily  high. 

On  this  basis  we  may  distribute  the  actual  cost  (taken  at  half  the 
nominal)  about  as  follows  : 

223  miles  light  work,  at  $40,000  per  mile $8,920,000 

60  miles  very  heavy  work,  at  $184,667  per  mile 11,080,000 

283  miles  in  all,  at  $70,670  per  mile $20,000,000 

Both  the  grades  and  curves  on  this  line  are  very  severe.  Only  10  miles 
out  of  Vera  Cruz  1.5  per  cent  grades  begin,  which  shortly  thereafter 
are  increased  to  2  per  cent,  2.5,  3,  and  at  last  to  4  per  cent,  which  latter 
ifl  entirely  unbroken  for  the  last  13  miles  of  rise,  and  used  also  at  several 
other  points  on  the  ascent.  Curves  as  sharp  as  325  to  350  feet  radius 
{16  degrees  30  minutes  and  17  degrees  40  minutes)  are  used,  and  six  or 
eight  reversed  curves  of  these  radii  often  succeeding  each  other  without 
any  tangent  between  them,  and  without  any  grade  compensation,  making 


932  APPENDIX  C. 


the  virtual  gradient  fully  6  per  cent.  Fairlie  engines  are  used  to  operate- 
this  grade  between  the  summit  at  Boca  del  Monte  (107  miles  from  Vera/ 
Cruz)  and  Cordova.  The  remaining  isj  miles  to  the  city  of  Mexico,  as 
well  as  the  lower  and  easier  part  of  the  mountain  grade  (which,  however,, 
has  2i  to  3  per  cent  grades,  increased  by  unreduced  curvature),  is 
operated  by  American  engines.  Very  naturally  both  the  freight  rates 
and  the  expenses  are  fabulously  high,  receipts  ranging  from  10  to  12 
cents  per  ton-mile  and  as  high  as  $8  per  train-mile,  expenses  being  from- 
50  to  60  per  cent  of  receipts.  To  show  how  radically  the  cost  and 
revenue  from  the  operation  of  this  line  differs  from  anything  with  which 
we  are  familiar,  it  was  calculated  in  1883  that  with  the  Mexican  rates  the: 
New  York  Central  would  earn  $27.25  and  the  Erie  $28.50  per  freight 
train-mile,  and  their  total  freight  earnings  would  have  been  in  one  year 
$297,025,000  and  $244,300,000  respectively — $168,000,000  more  than  the* 
Central's  whole  capital  account,  and  $93,000,000  more  than  the  Erie's. 

There  are  fourteen  tunnels  in  all  on  the  line,  none  of  them,  however,, 
very  long,  and  about  as  many  viaducts.  The  grading  is,  for  miles  to- 
gether, almost  wholly  rock,  and  the  work,  as  a  whole,  can  only  be  de- 
scribed as  Titanic,  so  that  it  is  small  matter  of  surprise  that  almost  every 
one  who  writes  about  the  line  describes  it  in  much  the  same  terms  as 
does  Mr.  George  William  Curtis  in  a  late  number  of  Harper's  Magazine 
(February,  1886),  who  chances  to  be  the  last  writer  whose  remarks  in 
respect  to  it  have  come  to  the  writer's  knowledge. 

"If  it  is  magnificent  scenery  that  you  seek,  here  at  hand,  with  no  inter- 
vening ocean,  is  the  railway  from  Vera  Cruz,  260  miles,  to  the  city  of  Mexico 
— a  marvellous  feat  of  scientific  skill,  crossing  the  mountains  at  a  height  of  8500- 
ft.,  and  bearing  you  through  every  climate,  amid  unimaginable  luxuriance  and 
brilliancy  of  vegetation,  changing  into  temperate  hues  of  hardier  growths,  with 
awful  mountain  abysses  between  and  snow-clad  peaks  beyond  against  the  deep  - 
blue  sky." 

The  line  located  by  the  writer  rises  to  almost  precisely  the  same 
height  of  summit  as  the  Mexican  Railway,  and  is  as  nearly  as  may  be  of 
the  same  length,  but  in  almost  every  other  detail  stands  in  broad  con- 
trast with  it,  thus : 

Grade. — Continuous  2  per  cent  (uncompensated)  against  a  broken  4  per  cent 
(uncompensated) ;  including  the  effect  of  curvature  or  of  compensation  there- 
for, 2.6  per  cent  against  6  per  cent. 

Curves. — Curves  of  289  ft.  radius  (19"  50)  connected  by  minimum  tangents 
of  40  metres  (131  ft.),  against  it"  30'  to  17**  40'  curves  (325  to  350  ft.  radius)  con- 
nected by  no  tangents  at  all  for  many  successive  reversions.     The  writer  con* 
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that  the  difficalty  and  expense  of  maintaining  these  two  limits  is  about 
-ipri,  bat  that  the  latter  is  decidedly  the  most  objectionable. 

Amoitnt  of  Curvature. — On  Mexican   Railway   143  curves  on  the  last 

[mi4  kilometres  of  the  ascent,  against  82  curves  on  the  upper  19  kilometres  of 

'it  Jibpa  line,  shown  on  Figs.  309  and  310.    The  lower  portions  of  the  line  will 

[  AiMea  in  Fig.  509  to  have  much  more  favorable  alignment. 

The  number  of  carves  indicates,  what  is  the  fact,  that  there  is  hardly  any 

It  on  the  tipper  portion  of  the  Mexican  Railway  grade,  whereas  on  the 

third  of  the  line,  shown  on  Figs.  309  and  310,  41^  per  cent  of  the  line  is 

It  (the  average  tangent  being  96.3  metres  or  320  ft.),  and  on  the  whole  54 

'tiometres  which  have  been  engraved  48  per  cent  of  the  line  is  tangent.     The 

iparative  degrees  of  curvature  cannot  be  given. 

Distance. — The  distance  between  Vera  Cruz  and  San  Marcos,  where  the 
ISD  lines  as  actually  surveyed  connect,  was  just  20  kilometres  (i2i  miles)  longer 
the  Jalapa  line,  viz.,  262  against  242  kilometres.     Had  the  purpose  in  view 
the  same,  however,  merely  to  get  to  Mexico,  this  difference  might  have 
been  more  than  eliminated,  as  will  be  clear  from  the  dotted  line  above  San 
Marcos  on  Fig.  308. 

Gauge. — ^The  Jalapa  line  was  intended  to  be  laid  to  3-ft.  gauge,  correspond- 
iag  to  the  gauge  of  the  Mexican  National  Railway,  whereas  the  Mexican  Rail- 
way was  4-fL  8i-in.  gauge.  No  difference  was  made  in  the  location,  however,  on 
accotint  of  the  gauge,  the  road-beds  having  been  taken  as  14  and  18  ft.,  slopes 
I  to  I  in  cuts  and  li  to  i  in  fills,  and  rails  estimated  at  56  lbs.  The  ties  were 
estimated  at  $1  each,  only  7  ft.  long,  which  was  the  only  item  estimated  in  any 
way  lower  because  of  the  gauge. 

Cost. — In  Table  No.  i  (omitted)  is  given  an  abstract  of  the  large  estimate 
Uank  prepared  from  the  careful  paper  location  of  the  entire  mountain  grade. 
Table  No.  2  is  an  abstract  closing  a  report  by  the  topographer,  giving  in  detail 
Che  material  on  the  line,  from  which,  in  connection  with  Fig.  310,  its  very  favor- 
able character  will  be  seen.     From  these  and  the  maps  and  profiles  submitted, 
which  even  in  the  reduced  engravings  show  the  estimated  quantities  at  each 
point,  any  engineer  can  form  his  own  judgment  as  to  whether  the  estimate  in 
Table  No.  i  (omitted  to  save  space)  is  adequate.     The  writer's  belief  was,  and 
still  ts,  that  it  is  entirely  adequate,  and  if  so  the  cost  of  the  entire  mountain 
grade,  with  30  per  cent  added  for  engineering  and  contingencies,  amounts  to 
less  than  (40.000  per  mile,  against  $184,677  per  mile  for  the  actual  cost  of  the 
monntain-grade  of  the  Mexican  Railway,  or  in  the  ratio  of  i  to  4^.     A  ratio  of 
3  to  I  is  believed  to  be  the  very  lowest  which  could  be  claimed  to  correctly 
represent  the  relative  work.     Unfortunately  the  writer  was  never  able  to  obtain 
exact  figures  of  the  quantities  on  the  Mexican  Railway.     Therefore  he  is  re- 
Inctant  to  claim  more  than  is  certainly  just.* 


*  The  general  route  of  both  lines  here  described  is  shown  in  Fig.  308.     In 
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Make  what  allowances  one  will,  there  is  a  great  contrast  in  these 
lines,  and  it  therefore  becomes  of  interest  to  consider  how  this  lattei 
was  obtained. 

In  March,  1881,  the  writer  was  engaged  by  the  Mexican  National! 
way  Company  to  act  as  engineer  in  charge  of  location  and  surveys  01 
various  lines  for  which  they  had  concessions,  extending  from  the  ci 
Mexico  to  the  United  States  and  to  the  Pacific  coast.  On  landin 
Vera  Qrwz,  with  a  large  staff,  under  orders  to  report  in  Mexico,  he 
surprised  at  the  receipt  of  a  letter  of  instruction  to  the  effect  that  a  c 
were  engaged  in  examining  a  line  from  Vera  Cruz  to  Mexico  vta  Ja 
and  that  he  should  detach  another  corps  for  service  on  this  line,  sen 
forward  the  remaining  parties  by  rail ;  that  he  should  then  make 
connaissance  "  sufficient  to  determine  the  general  possibilities  of 
route,  taking  such  escort  as  might  seem  necessary ;"  set  the  new  anc 
parties  at  work ;  and  not  delay  date  of  report  in  Mexico  "  more  tha 
days." 

Fig.  309  is  given  a  reduction  to  one-fifth  scale,  or  Yfihw  ('i  inches  per 
within  I  per  cent),  of  the  large  topographical  map  on  a  scale  of  yij^ir  ^ 
upper  54  of  the  117  kilometres  of  the  mountain  grade.  This  in  turn  wa 
duced  from  the  original  field-sheets  on  the  large  scale  of  Y^t'S  ^^  ^Si  f^^ 
inch,  which  the  difficult  character  of  the  work  made  necessary.  The  t< 
raphy  was  very  accurately  taken  by  a  skilled  topographer,  Mr.  Max  Chap 
M.  Am.  Inst.  M.  £. 

In  Fig.  310  is  given  a  photographic  reduction  of  the  original  profile,  1 
was  called  off,  station  by  station,  in  the  usual  way  from  a  paper  location  o 
original  field-sheets,  and  estimated,  station  by  station,  from  tables,  with  a 
ance  for  surface  slope,  which  often  .more  than  doubled  the  level-section  qi 
ties.  The  estimated  quantities  for  each  cut  and  fill  are  given  on  the  profil 
nature  of  material  indicated.  Retaining-walls  were  estimated  for  at  every 
where  a  fill  would  not  catch,  and  are  indicated  by  a  thick  line  on  the  pi 
The  small  amount  of  masonry  is  due  to  the  almost  entire  absence  of  si 
drainage  and  running  water,  as  elsewhere  noted. 

The  line,  profile,  and  estimate  here  shown  were  not  finalities,  but  pre 
for  a  special  purpose.  Compensation  for  curvature  had  not  yet  been  introd 
It  was  fully  expected  to  do  still  better  at  points,  and  in  fact  the  location  s 
was  greatly  improved  in  the  upper  section  (9)  by  a  new  line,  run  just  befo: 
suspension  of  work  which  threw  the  line  back  from  the  ragged  cliff-work 
the  summit.  As  maps  and  profiles  of  this  improvement  cannot  be  give 
claim  in  respect  to  it  is  made,  but  only  for  what  had  belen  actually  secure 
recorded  in  black  and  white. 
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To  one  landing  in  Mexico  entirely  ignorant  of  the  language  and  the 
country ;  provided  with  no  map  or  profile  of  the  existing  line,  and  know- 
ing nothing  more  of  its  character  than  the  general  fact  that  it  was  one  of 
the  heaviest  and  most  costly  railways  in  the  world;  unaware  that  its 
engineers  had  even  given  a  thought  to  a  route  via  Jalapa,  or  even  that 
there  was  such  a  place,  until  he  finally  learned  that  the  route  had  been 
examined  only  to  be  abandoned,  and  that  the  branch  which  had  been 
built  to  Jalapa,  at  the  foot  of  the  mountain  proper,  had  lo  per  cent  grades, 
and  was  practicable  only  by  horse-power ;  unaccustomed  to  a  tropical 
climate  and  to  the  saddle ;  provided  with  no  map  of  the  region  better  or 
much  larger  than  Fig.  308  which  accompanies  this  paper ;  and  innocent 
of  all  knowledge  as  to  how  large  an  escort  would  insure  safety,  if  indeed 
any  could — these  were   sufficiently  formidable   instructions,   and  could 
'lever  have  been  successfully  carried  out,  as  fortunately  they  were  to  the 
better  (barring  two  days'  delay  from  an  unseasonable  rain),  had  recon- 
"^oitring  such  lines  been  in  fact  so  entirely  lawless  a  matter  that  there 
^as  nothing  for  it  but  to  look  over  the  whole  country  and  then  decide 
^hat  to  do,  or  at  least  to  try  for. 

The  line  which  was  found  to  be  under  examination  is  indicated  by 
dotted  lines  on  the  general  map  herewith,  and  was  at  once  rejected  as  im- 
practicable and  absurd.  It  ran  from  the  coast  north-easterly  to  Jalapa,  4500 
ft. ;  then  descended  southerly,  850  ft.  in  about  10  miles,  to  an  elevation  of 
about  3650  ft.  at  Coatepec  ;  then  was  expected  to  ascend  somehow,  some 
7000  ft.  to  the  "  pass"  between  the  volcanoes  of  Orizaba  and  Perote.  at  an 
unknown  elevation,  estimated  at  10,700  ft.  in  an  air-line  distance  of  some 
15  miles ;  and  then  to  descend  some  2000  or  3000  ft.  on  the  back  slope  of 
the  mountain,  to  the  general  level  of  the  plateau.  Very  naturally  the 
best  grades  which  it  was  even  hoped  to  obtain  were  those  of  the  Mexican 
Railway,  or  4  per  cent  uncompensated. 

It  was  at  once  clear  that  either  something  considerably  better  than 
this  must  be  obtained,  or  the  line  should  be  reported  as  impracticable  and 
the  whole  staff  withdrawn.  And  it  seemed  equally  clear  to  the  writer  that 
either  a  considerably  better  gradient  than  on  the  existing  line  must  be 
obtained,  and  lighter  work  as  well,  or  the  project  repx)rted  as  unde- 
serving of  any  consideration  financially.  A  reasonable  hope  for  a  maxi- 
mum grade  of  not  over  2^  per  cent  at  most  was  therefore  fixed  upon  as 
the  highest  one  justifying  setting  parties  at  work  on  it,  and  hence  to  be 
considered  at  all ;  and  this,  to  make  the  project  a  meritorious  one,  re- 
quired that  2  percent  should  be  sought  for.  This  made  it  indispensable  to 
gain  considerable  development  for  the  ascent,  and  this  in  turn  made  it  out 
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of  the  question  to  ascend  between  the  two  volcanoes,  even  had  the  saddle 
between  them  been  cleft  down  to  the  level  of  the  main  plateau,  which 
was  known  not  to  be  the  case.  The  whole  problem,  therefore,  turned 
upon  the  question  of  whether  or  not  it  would  be  possible  to  turn  north- 
ward at  Jalapa  (assuming  that  point  to  have  been  successfully  reached  by 
the  required  grade,  which  seemed  a  minor  question)  and  run  parallel 
with  the  coast  line  and  the  coast  range,  gradually  ascending  with  all 
possible  development,  and  turn  the  mountain  of  Perote  to  the  north. 

This  possibility  the  writer  was  satisfied  would  turn,  negatively  at  least, 
upon  the  simple  question  of  whether  or  not  there  was  some  kind  of  an 
established  highway  ascending  from  Jalapa  to  the  plateau,  following  in  a 
general  way  the  same  course,  and  turning  the  mountain  to  the  north. 
That  is  to  say,  the  existence  of  a  highway  would  not  prove  the  line  was 
practicable,  but  the  absence  of  it  would  go  far  to  prove  that  it  was  im- 
practicable. In  respect  to  highways,  the  writer  had  even  then  learned 
by  sad  experience,  and  had  repeated  occasions  in  the  next  three  years 
to  realize  still  more  fully,  that  the  route  of  a  highway  is  ordinarily  the 
worst  possible  guide  for  a  locating  engineer,  except  as  it  may  serve  the 
negative  purpose  of  a  danger  sign  to  warn  him  away.  He  now  recalls  no 
less  than  twenty-three  instances  on  the  lines  in  Mexico  under  his  charge 
where  the  existence  of  a  travelled  road  proved  merely  a  snare  to  deceive. 
Some  of  these  instances  were  of  a  very  curious  character  and  of  much 
technical  interest,  but  description  must  be  forborne. 

But  in  regions  of  real  difficulty,  where  the  elevations  to  be  surmounted 
become  serious  even  for  animal  power,  and  even  after  all  avoidable  rise 
and  fall  has  been  eliminated,  the  case  is  different.  The  writer's  experi- 
ence and  conviction  is  that  in  such  cases  the  aggregate  intelligence  of 
the  cows  and  the  natives  thereabout  may  safely  be  trusted  to  discoverand 
utilize  the  very  best  route  there  is  for  surmounting  the  elevation  with  the 
least  amount  of  work.  Even  what  would  be  regarded  in  Mexico  or 
Colorado  as  so  simple  a  problem  as  that  of  making  the  900  ft.  rise  over 
the  Allegheny  Mountains  in  Pennsylvania,  is  a  case  in  point.  The  pass 
above  Altoona  and  Hollidaysburg  was  discovered  and  utilized  in  the  very 
earliest  days  of  the  settlement  of  the  country,  and  four  generations  of 
engineers  on  four  successive  public  works  have  been  able  to  do  no  bel- 
ter. 

The  first  question  asked  by  the  writer,  therefore,  after  learning  the 
details  of  what  was  doing,  was  whether  there  was  a  travelled  highway 
turning  the  mountain  to  the  north,  the  map  before  him  not  extending 
far  enough  north  to  show  that  region  distinctly  at  all.     He  was  informed 
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at  once  that  there  was,  and  a  very  old  and  good  one.  Had  the  response 
been  otherwise,  he  should  have  regarded  the  result  of  the  reconnaissance 
as  practically  decided  then  and  there.  The  statement  was  coupled  with 
another,  however,  that  this  route  had  been  examined  by  the  engineers 
•of  the  Mexican  Railway,  and  reported  far  less  practicable  than  the  line 
nfterwards  adopted  and  built,  so  that  the  middle  line  described  was  under 
•examination  as  the  only  hope  left. 

This  was  discouraging  enough ;  but  on  further  learning  that  the  high- 
way had  been  for  three  centuries  preceding  the  railway  era  the  leading 
one  between  the  interior  and  the  coast ;  that  there  was  no  succeeding 
descent,  but  rather  a  gentle  rise  in  it  for  many  miles  after  the  mountain- 
grade  proper  was  surmounted  ;  that  the  summit  was  (this  afterwards 
proved  an  error)  several  hundred  feet  lower  than  that  of  the  Mexican 
Railway ;  and  some  other  facts  which  seemed  hopeful, — there  appeared  to 
be  a  fighting  chance,  which  was  at  least  the  only  chance  that  the  line 
might  be  developed  to  give  the  requisite  grade. 

The  more  immediate  question  became  then  to  make  the  ascent  of  4500 
ft.  to  Jalapa,  and  it  was  at  once  apparent  that  to  have  any  hope  of  doing 
this  on  such  favorable  grades  as  were  alone  worthy  of  consideration  under 
the  circumstances,  the  line  must  be  carried  down  to  as  low  an  elevation 
as  possible,  parallel  with  the  coast  and  the  mountain  slope,  by  running 
south  from  Jalapa  toward  Coatepec  before  beginning  to  lose  distance  by 
turning  eastward  to  the  sea.  It  appeared  probable  that  the  850  ft.  of  fall 
between  these  two  points,  as  to  which  some  definite  knowledge  was 
available,  could  not  be  made  on  a  steeper  grade  than  2  per  cent,  and  it 
was  this  fortunate  fact  (as  it  proved)  which  first  led  to  conducting  the 
reconnaissance  from  the  beginning  on  the  fighting  chance  of  obtaining  a 
2  per  cent  grade. 

It  was  now  determined,  therefore,  that  the  line,  if  there  was  to  be 
any.  must  pass  from  Vera  Cruz  to  Coatepec,  and  thence  to  Jalapa,  instead 
of  to  Jalapa  direct.  Coatepec  lies  at  the  head  of  a  river  of  considerable 
size,  the  Rio  Antigua,  which  runs  from  it  directly  east  to  the  coast;  and 
the  map  and  known  elevation  of  the  town  made  it  at  once  clear  that  there 
was  no  physical  impossibility  in  descending  this  valley  directly  on  a  2^ 
per  cent  grade,  or  perhaps  less,  if  the  valley  had  a  tolerably  uniform  de- 
scent. It  needed  but  the  most  moderate  knowledge  of  the  general  laws 
of  top<^raphy,  however,  to  make  it  practically  certain  that  no  even 
approximately  uniform  descent  could  be  hoped  for  in  a  river  flowing  in  a 
<leep  gorge,  cut  through  what  was  practically  only  a  narrow  footing  to 
4he  most  tremendous  mountain  slope  on  this  continent.     The  foot-hills 
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of  a  slope  which  reached  a  height  of  17,873  ft.  and  started  practically 
from  the  level  of  the  sea,  was  certain  to  have,  like  all  such  slopes,  a  de- 
cidedly concave  profile. 

Nothing  less  than  5  per  cent  could  be  rationally  hoped  for  in  follow- 
ing the  bed  or  immediate  slopes  of  the  valley,  and  it  therefore  became 
quite  certain  that  the  line  descending  from  Coatepec  must  start  from  the 
lowest  point  at  the  head-waters  of  the  Rio  Antigua  which  it  was  possible 
to  (jbtain,  but  speedily  rise  up  on  the  higher  slopes  of  the  x'allcy  and  out 
ii{  the  influence  of  the  stream,  until  at  last — and  probably  within  a  short 
distance — it  would  rise  above  all  supporting  ground.  No  resource  would 
then  remain  but  to  turn  across  northwardly,  at  some  favorable  point  oa 
the  dividing  ridge,  into  the  valley  of  the  next  river  to  the  north,  the  Ria 
Cliachalacas,  with  the  view  of  gaining  only  such  limited  development  as 
mi^ht  be  necessary  to  catch  upon  some  high  point  on  what  were  known 
to  be  the  gentle  slopes  of  the  lower  valley  of  that  river,  from  which  the 
line  could  rlcsccnd  eastwardly  on  the  required  grade  to  sea-level  at  a 
point  as  near  to  the  coast  as  possible.  The  only  fear  in  this  process,  be- 
sides the  danger  iA  heavy  work,  was  that  it  might  be  unavoidable  to  make 
a  iong  horseshoe  development  up  the  valley  of  the  Chachalacas,  bring- 
ing the  foot  of  the  grade  far  inland  from  the  sea,  and  causing  just  so 
niiH.h  unnecessary  loss  of  distance  on  a  level  before  reaching  the  foot  of 
th(!  mountain  ^rade.  The  existence  of  these  two  parallel  and  deep-lying 
streams  mark;  it  certain  that  the  general  scheme  below  Coatepec  would 
be  practicable,  if  not  too  costly  ;  and  the  immense  depth  of  the  southerly 
vaiU-y,  which  varied  from  1000  to  2000  ft.,  together  with  the  absence  of 
all  sup[)ortin^  j^round  to  the  south  of  it,  made  it  certain  that  the  line 
could  at  n(j  point  turn  south  between  Coatep>ec  and  the  coast. 

Thus,  by  a  process  of  exclusion,  the  entire  line  was  projected  and 
sketched  upon  the  ma(),  with  most  dismal  apprehensions  of  the  charac- 
ter of  the  work  which  would  be  encountered,  but  with  absolute  confi- 
dence, expressed  at  the  time  to  the  gentlemen  who  accompanied  the 
writer  on  reconnaissance,  in  the  face  of  some  opposition,  that  if  this  line 
was  not  practicable,  there  was  nothing  in  the  region  which  was  suffi- 
ciently defensible,  from  an  economic  point  of  view,  to  make  it  even  worth 
examination.  The  line  shown  on  the  general  map  (Fig.  308)  which  the 
writer  now  has  the  honor  to  lay  before  the  Society,  does  not  differ  by 
its  own  width  at  any  point  in  the  entire  ascent  of  nearly  8000  feet  to  the 
plateau  from  that  which  the  writer  thus  sketched  upon  the  map  in  the 
city  of  Vera  Cruz,  and  showed  to  several  gentlemen,  on  the  evening  of 
the  day  when   he  first  landed  in    Mexico;  within  two  hours  after  first 
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learning  that  there  was  such  a  place  as  Jalapa,  or  that  there  was,  or  ever 
had  been»  such  a  project  as  an  ascent  to  the  plateau  through  that  region, 
and  with  the  elevation  of  only  two  points  on  the  line,  Jalapa  and  Goate- 
pcc,  approximately  given.  Neither  does  the  line  on  Fig.  308  differ  by 
much  more  than  its  own  width  at  any  point  from  the  position  of  the  line 
as  finally  surveyed,  a^  shown  on  the  detailed  maps  and  profiles  which  are 
herewith  laid  before  the  Society  complete,  the  more  difficult  upper  half 
of  the  mountain  grade  only  having  been  engraved  on  Figs.  309  and  310. 

The  writer  would  not  be  understood  to  assert  or  imply  that  equal 
positiveness  in  defining  in  advance  the  limitations  of  reconnaissance  is 
often  possible.  On  the  contrar)',  he  has  never  known  another  instance 
just  like  it,  although  it  became  his  duty  later  to  consider  projects  for 
several  other  lines  of  a  similar  but  less  exacting  character.  But  the 
peculiar  conditions,  it  will  be  seen,  left  no  escape  at  any  point  from  the 
chain  of  reasoning.  Had  there  been  no  existing  parallel  line,  one  might 
have  justifiably  taken  the  region  for  better  for  worse,  and  borne  with 
equanimity  finding  it  a  great  deal  worse  than  he  took  it  for.  As  it  was, 
the  fighting  chance  for  a  low  grade  was  the  only  one  economically  worthy 
of  attention,  and  this  primary  fact  given,  the  conditions  left  no  escape 
at  any  point  from  the  train  of  reasoning  that  it  was  that  one  route  or 
nothing. 

The  next  morning  at  daybreak  the  reconnaissance  began,  and  was 
pushed  through  with  increasing  confidence  as  fast  as  the  animals 
could  stand  it,  or  at  the  rate  of  some  40  miles  per  day,  the  entire  ex- 
amination of  the  mountain  grade  occupying  three  days — such  haste 
being  merely  in  fulfilment  of  the  writer's  positive  instructions,  and  nat- 
urally against  his  inclination.  Less  time  was  required,  however,  be- 
cause the  only  real  purpose  of  the  reconnaissance  was  not  to  find  a  route, 
but  to  examine  on  the  ground  the  features  of  what  was  already  known 
to  be  the  only  route  affording  a  rational  chance  of  success.  The  first 
1500  feet  of  rise  was  seen  to  be  on  slopes  smooth  in  detail,  but  suffi- 
ciently steep  for  laying  down  a  surface  line  on  almost  any  grade,  and 
were  not  examined  critically.  The  dividing  ridge  was  then  followed  up, 
to  judge  of  what  was  really  the  only  critical  point  of  the  lower  descent 
(from  the  point  of  view  of  possibility  and  not  of  cost),  the  passage  from 
one  water-shed  to  the  other.  A  long  and  sharp  spur  ridge  running 
eastwardly  from  Coatepec  about  half  way  to  the  coast,  having  a  crest 
5000  or  6000  feet  high,  and  standing  at  right  angles  to  the  main  slope, 
was  found  to  define  the  point  where  this  passage  must  occur  pretty  defi- 
nitely, and  the  material  and  topography  was  seen,  with  much  relief,  to 
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be  favorable  for  making  this  passage  with  as  much  or  as  little  develop- 
ment as  might  be  necessary,  with  considerable  latitude  in  elevation  and 
easy  work.  The  south  slope  of  this  mountain,  where  the  line  would  lie. 
was  found  to  be  almost  impracticable  for  passage  on  horseback  without 
camp  equipage  and  time ;  but  observing  the  north  side  to  be  fairly  favor- 
able, and  taking  it  to  be  very  unlikely  that,  in  a  ridge  of  this  character, 
the  topography  would  differ  widely  on  the  two  slopes,  it  was  passed  by 
with  a  confidence  that  the  result  fully  justified,  as  well  as  such  very  lim- 
ited information  as  was  available  at  the  time.  It  will  be  seen  from  the 
maps  and  profiles  of  this  section  (not  engraved)  that  on  the  surveys  now 
submitted,  a  few  of  the  most  costly  single  works  on  the  line  are  here,  and 
not  on  the  engraved  section  above  Jalapa,  which  was  really  the  critical 
section.  This,  however,  the  writer  is,  and  was  then,  satisfied  was  due 
chiefly  to  the  fact  that  the  lower  section,  not  being  a  source  of  much 
anxiety,  was  left  in  less  competent  hands.  In  part  it  was  radically  im- 
proved almost  at  the  conclusion  of  surveys,  and  the  writer  feels  no  doubt 
that  it  all  might  have  been  more  or  less,  although  he  makes  no  claim  in 
that  respect.  Owing  to  the  falling  away  of  the  country  to  the  south, 
before  referred  to,  and  the  existence  of  the  deep  barranca,  or  gorge,  in 
which  the  river  lay,  which  cut  down  almost  to  sea-level,  or  some  3000 
feet  below  the  line,  some  of  the  most  sublime  views  of  the  line  were  on 
this  section  ;  but  its  difficulty  was  not  in  proportion,  in  part  .because  of 
the  very  fact  that  the  line  lay  so  high  as  to  be  above  the  immediate  influ- 
ence of  the  barranca.  The  material  on  all  this  section  was  exceedingly 
favorable. 

The  region  between  Coatepec  and  Jalapa  was  known  to  be  not  very 
rugged,  and  to  oppose  no  difficulty  as  to  elevation,  so  that  it  also  was 
passed  by  with  a  confidence  which  the  result  justified,  and  the  project 
was  com[)lete  to  Jalapa,  as  a  basis  for  surveys,  with  a  reasonably  favor- 
able 2  per  cent  ^^rade-line  all  but  assured. 

For  the  critical  section  above,  the  distance  by  highway  was  found  to 
be  almost  one  half  too  short,  and  all  hung  upon  the  possibilities  of  de- 
velopment. The  material  and  topography  on  the  lower  half  was  found 
to  be  favorable  for  this  purpose,  being  earth  to  a  great  depth,  as  noted, 
and  sufficiently  broken  up  by  ridges  and  hills.  A  long  stretch  at  about 
the  middle  of  the  slope,  near  the  village  of  San  Marcos,  was  of  an  equally 
favorable  character,  being  literally  an  inclined  plane  on  a  slope  of  about 
I  in  10. — an  old  lava  flow  overlaid  with  soil, — and  not  much  broken  up 
in  rlctail.  The  upper  section  was  rugged,  but  short,  with  considerable 
opportunities  for  rather  expensive  development. 
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The  whole  of  this  region  was  examined  on  the  third  day  of  a  very 
heavy  rain-storm,  the  end  of  which  could  no  longer  be  waited  for,  and 
the  examination  was  necessarily  restricted  to  salient  features  only.  On 
a  long  grade-line  of  this  character,  however,  the  possibilities  of  develop- 
ing on  practicable  ground  to  reach  certain  elevations  at  certain  frac- 
tional portions  of  the  available  distance,  can  be  judged  of  with  some 
certainty,  the  general  character  of  the  slope  being  the  main  feature ;  and 
the  writer  felt  no  real  doubt  then,  or  at  any  later  time,  that  a  grade  in 
the  neighborhood  of  2  to  2\  per  cent  was  easily  practicable,  there  being 
a  certain  considerable  belt  of  favorable  territory  on  which  to  place  it, 
although  above  and  below  that  the  topography  was  much  more  forbid- 
ding. A  leading  factor  in  reaching  this  apparently  hasty  conclusion 
was  the  splendid  and  ancient  highway  already  referred  to,  by  far  the 
best  in  Mexico,  if  not  on  this  continent.  It  is  a  broad  macadamized 
road  with  paved  gutters,  and  a  stone  curb  or  masonry  wall  at  the  side, 
and  the  writer  desires  to  pay  a  tribute  of  admiration  and  respect  to  the 
unknown  engineer,  whoever  he  was, — very  possibly  one  of  the  soldiers  of 
Cortez,  or  one  of  his  immediate  successors, — who  laid  it  out.  From  a 
point  near  Jalapa  to  the  summit,  near  Las  Vegas,  there  is  not  a  break  in 
the  steady  ascent,  and  there  are  few  points  on  it  where  a  fresh  team  of 
horses  would  not  readily  break  into  a  trot.  The  conclusion  was  natural, 
that  if  a  Spanish  soldier  in  1530  could  put  something  like  a  6  per  cent 
highway  down  that  mountain  slope,  an  American  engineer  in  1881  ought 
to  get  a  2  per  cent  railroad  line  down  it,  or  take  of!  his  hat  to  his  prede- 
cessor. 

After  reaching  the  summit,  the  continuation  of  the  line  to  Mexico, 
or  any  other  point  on  the  plateau,  was  a  detail  offering  no  difficulties 
and  needing  no  immediate  study.  The  line  was  therefore  reported 
on  in  writing  to  Mr.  W.  C.  Wetherill,  chief  engineer,  three  days  later 
(March  28),  as  follows  : 

"  The  line  undtr  examination  was  too  forbidding  to  be  worth  further  at- 
tention. ...  I  feel  no  doubt  that  the  proper  place  for  the  line  is  to  the  north 
of  Pcrote,  and  that  something  like -a  2^  per  cent  grade,  or  possibly  a  2  per  cent 
grade,  is  practicable  above  Jalapa.  Whatever  grade  is  there  obtained  can  cer- 
tainly be  continued  down  to  sea-level  and  slope  without  excessive  work.  I 
have  instructed  surveys  to  be  conducted  above  and  below  Jalapa  on  a  2  per 
cent  basis  for  the  present,  and  consider  the  prospects  for  a  fairly  favorable  line 
good." 

It  should  be  mentioned  further,  that  the  writer's  examination  had 
been  merely  in  a  consulting  capacity  (the  line  not  being  formally  a  part 


942  APPENDIX  C. 


of  the  Mexican  National  projects),  and  for  some  months  later  he  had  no 
permanent  connection  with  or  knowledge  of  the  progress  of  the  work, 
being  absent  on  the  Pacific  slope.  On  being  again  asked  to  examine 
the  line,  August  ist,  1881,  he  found  that  his  conclusions  had  been  re- 
ported on  as  impracticable,  and  that  a  3  per  cent  compensated  grade  had 
been  adopted,  located  in  part,  and  was  under  construction.*  Fortu- 
nately, however,  a  most  intelligent  assistant  engineer,  of  great  natural 
capacity  for  location,  Mr.  John  S.  Elliott,  was  in  charge  of  the  upper 
locating  party.  To  his  admirable  conduct  of  surveys  the  success  of  this 
line  was  ver)'  largely  due.  Aided  by  information  he  had  acquired,  it 
was  soon  discovered  that  the  abandonment  of  the  2  per  cent  grade  had 
been  an  over-hasty  conclusion,  from  data  which  in  fact  assured  its  suc- 
cess. The  work  in  progress  was  therefore  stopped  by  the  writer's  advice ; 
some  $30,000  of  completed  work  abandoned,  chiefly  in  the  approaches 
to  a  costly  tunnel  in  earth ;  and  the  writer  appointed  chief  engineer,  con- 
tinuing in  charge  until  some  time  after  the  completion  of  the  surveys 
now  laid  before  the  Society,  when  the  abandonment  of  all  furtherance  of 
the  project  by  the  Mexican  National  Railway  compelled  his  resignation, 
and  shortly  afterward  led  to  the  stoppage  of  all  work.  But  for  the  fact 
that  he  was  favored  with  an  unusually  competent  assistant  in  immediate 
charge  of  surveys  on  the  more  difficult  section,  the  writer  fears  that  he 
should  never  have  been  able  to  carry  through  the  line  with  the  limited 
time  at  his  command. 

Two  features  on  the  upper  ascent  are  worthy  of  special  note :  One,  the 
great  lava  flow  shown  in  Fig.  309,  and  before  referred  to ;  and  the  other, 
a  still  grander  feature,  the  barranca  of  Zimilahuacan,  a  vast  sink-hole  in 
the  earth  some  2  or  3  miles  in  diameter,  and  some  3000  feet  deep  by  the 
barometer,  about  half  of  it  sheer,  with  no  transition  or  "  ragged  edge" 
whatever  from  the  surrounding  surface  of  the  plateau,  which  was  as 
smooth  and  treeless  as  an  Illinois  rolling  prairie,  but  sloping  about  i  in 
12  or  1 5  in  the  chasm.  This  feature  was  encountered  some  miles  beyond, 
where  all  difficulties  had  ceased  at  the  summit ;  and  s6  smooth  was  the 
edge  that  the  line  skirted  it  with  a  mere  surface  line,  so  near  to  it  that 
a  stone  thrown  from  the  car-window  would  fall  sheer  full  1000  feet  before 
touching.  On  the  plateau  the  locality  was  so  cold  and  so  much  exposed 
that  it  was  stated  that  wheat  would  hardly  head,  while  immediately  be- 
neath one's  feet  bananas,  coffee,  oranges,  and  every  form  of  tropical 
vegetation  could  be  seen  growing  luxuriantly.    A  few  miles  beyond  was 

*  The  concession  permitted  of  no  delay  in  beginning  construction. 
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a  large  and  very  ancient  fortress  still  in  good  repair,  but  unoccupied, 
which  would  cost  perhaps  $5,000,000  or  $6,000,000  to  duplicate,  in  which 
for  two  centuries  the  great  bulk  of  the  silver  product  of  Mexico  was 
stored  pending  the  arrival  of  transports  at  Vera  Cruz.  Several  of  the 
old  line  of  visual  telegraph  towers  which  were  used  to  communicate 
between  the  two  points  are  still  pointed  out,  although  out  of  use  more 
than  a  century.  From  several  points  on  the  upper  ascent  the  city  of 
Vera  Cruz,  80  miles  off  in  an  air-line  and  6000  to  8000  feet  below,  is 
visible  in  clear  weather.  These  and  other  features  make  the  region  one 
of  the  highest  interest  to  the  tourist. 

In  view  of  what  has  preceded,  the  writer  hopes  that  he  may  not  be  sus- 
pected of  over-estimating  the  difficulties  of  securing  such  lines,  or  of  per- 
sonal inability  to  cope  with  them,  when  he  declares  his  conviction  that 
this  whole  method  of  taking  railway  lines  up  difficult  ascents  by  a  con- 
tinuous succession  of  curves  and  tangents  on  a  rising  grade,  over  which 
the  locomotive  keeps  up  a  steady  march,  is  fundamentally  wrong  and 
bad,  and  one  which  might  profitably  be  modified  in  nearly  all  cases  when 
an  elevation  of  over  1000  feet,  or  possibly  much  less,  is  to  be  surmounted. 
To  furnish  a  suitable  background  for  the  expression  of  these  conclusions, 
by  showing  that  they  are  formed  in  spite  of  fairly  successful  experience 
In  following  up  the  more  usually  approved  plan,  is  a  main  purpose  of 
this  paper. 

Three  general  methods  for  surmounting  such  elevations,  besides  the 
almost  universal  one,  are  more  or  less  in  use : 

Ft'rst.  Rack  or  grip  railways. 

Second,  Inclined  planes  operated  by  stationary  engines. 

Third,  Switchbacks. 

The  first  of  these  was  proposed  in  a  practicable  form  over  thirty  years 
ago,  and  the  two  latter  antedate  the  locomotive  itself.  Either  one  of 
them  is  probably  deserving  of  more  use  than  is  given  it,  but  the  third 
(switchback)  the  writer  deems  worthy  of  adoption  by  engineers  as  the 
standard  plan  for  surmounting  considerable  elevations,  always  provided 
the  switchbacks  be  constructed  and  operated  in  quite  a  different  manner 
from  that  usual  in  the  few  which  exist,  which  have  for  the  most  part 
only  been  resorted  to  as  a  last  resource. 

One  feels  a  natural  hesitation  in  expressing  a  conclusion  which,  it 
must  be  admitted  at  once,  all  the  tendency  of  modem  practice  tends  to 
discredit.  The  accumulated  verdict  of  experience  is  rarely  wrong,  and 
it  is  undeniable  that  all  these  plans  have  been  in  many  cases  tried  and 
abandoned,  and  have  met  decreasing  favor.    Nevertheless,  causes  need- 
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less  to  go  into,  other  than  lack  of  real  merit,  may  explain  in  part  at  least 
this  result,  and  the  writer  sees  no  escape  from  believing  that  they  do  so 
wholly. 

The  capabilities  of  the  inclined  plane  or  cable  plan  have  been  greatly 
extended  in  recent  years,  as  applied  to  street  and  local  passenger  service, 
and  it  is  clearly  destined  in  the  near  future  to  still  wider  use.  Super- 
ficially, the  record  of  its  use  in  connection  with  ordinary  railways  is 
most  discouraging  to  any  hope  of  its  future  usefulness  in  that  direction. 
In  the  early  days  of  railways  it  was  constantly  considered,  and  often 
used.  A  complete  plant  of  the  kind  existed  over  the  Allegheny  summit 
of  the  Pennsylvania  Railroad  before  that  line  was  built,  and  was  aban- 
doned in  favor  of  locomotive  traction,  even  to  connect  two  lines  of  canals. 
Several  complete  railways  operated  by  successive  inclined  planes  and 
gravity  inclines  were  built  in  Pennsylvania  and  elsewhere — two  in  North- 
ern Pennsylvania  of  considerable  length,  one  of  which  is  still  in  use  and 
the  other  only  recently  abandoned,  but  not  chiefly,  if  at  all,  for  reasons 
affecting  its  abstract  merit.  It  is  not  generally  known  that  the  existing 
main  line  of  the  Pennsylvania  Railroad  over  the  Alleghenies,  which  was 
built  long  after  the  old  planes  had  been  abandoned,  was  laid  out  with 
the  distinct  view  of  afterwards  adding  a  new  and  enlarged  system  of 
planes  for  freight  traffic  when  the  volume  of  traffic  had  increased  to 
justify  it.  This  policy  was  favored  by  its  distinguished  chief  engineer, 
Mr.  J.  Edgar  Thompson,  and  some  elaborate  and  interesting  data  in  re- 
spect to  it  are  given  in  the  early  reports  of  that  road,  notably  in  a  report 
by  the  then  Superintendent,  Gen.  Herman  Haupt,  in  which  the  ground 
is  distinctly  taken  that  it  is  a  mere  question  of  volume  of  traffic  whether 
inclined  planes  are  economical  or  not. 

That  view  the  writer  apprehends  to  be  the  true  one.  The  fixed  trac- 
tive plant  is  costly  to  construct,  maintain,  and  operate,  and  expenses  are 
not  greatly  affected  by  whether  the  tonnage  moved  by  it  be  large  or 
small.  It  by  no  means  follows  that,  because  the  system  was  wisely 
abandoned  in  favor  of  locomotive  power,  for  the  thin  traffic  of  those 
early  days,  that  it  is  wise  to  continue  to  neglect  it  at  points  where  almost 
a  steady  stream  of  laden  cars  is  to  be  carried,  first  up  and  then  down  a 
dividing  ridge,  day  and  night,  the  year  round,  as  on  the  Pennsylvania 
summit,  and  at  many  similar  localities.  At  such  points  it  is  demonstra- 
ble that  not  only  may  the  great  amount  of  power  used  in  lifting  locomo- 
tives be  saved,  but  that  the  descending  and  ascending  cars  may  be  bal- 
anced against  each  other,  thus  largely  eliminating  the  effect  of  the  rise ; 
while  the  superior  economy  of  stationary  engines  will  largely  reduce  the 
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cost  per  horse-power,  after  allowing  for  the  friction  of  cables,  which,  on  a 
short,  steep  incline  is  a  minor  element.  Especially  now  th^t  the  making 
of  long  continuous  cables  is  so  well  understood,  so  that  as  long  an  in- 
cline as  the  topography  permits  may  be  readily  worked,  it  is  worthy  of 
the  most  serious  study  whether  a  very  large  economy  is  not  readily  pos- 
sible at  such  special  localities,  a  considerable  number  of  which  may  be 
counted  up. 

A  proper  switchback  system,  however,  seems  to  the  writer  the  most 
generally  useful  and  meritorious  for  lines  of  probably  thin  traffic,  as  well 
as  the  most  unquestionably  practicable  for  use  in  all  such  localities.  The 
germ  of  the  proper  system  was  contained  in  the  first  switchback  laid 
out  in  America,  if  not  in  the  world, — that  at  Mauch  Chunk, — which  was 
used  for  dropping  empty  coal-cars  down  into  the  Nesquehoning  Valley, 
before  the  tunnel  of  that  name  was  completed.  That  track  was  used  only 
for  cars  passing  in  one  direction  (descending),  and  was  operated  as  fol* 
lows: 

The  cars  were  started  from  A,  Fig.  311,  on  a  down  grade  of  about  i 
per  cent,  calculated  to  give  a  considerable  velocity.  At  B  an  automatic 
switch,  whose  exact  mechanism  the 
writer  cannot  give,  was  run  through  and 
the  car  brought  to  a  rest  by  the  next  suc- 
ceeding up  grade  at  C,  from  which  it  im- 
mediately started  back  towards  D,  pass- 
ing through  the  switches  B  and  D  until 
again  stopped  at  E ;  and  so  on  indefinitely, 
the  cars  descending  several  hundred  feet 
in  all  without  the  slightest  attention, 
very  rapidly,  with  very  rare  accidents^ 
and  with  no  one  on  them  or  stationed 
along  the  track.  ^'°'  3"- 

Thus,  to  say  the  least,  every  advantage  was  gained  that  could  have 
been  gained  by  a  long  continuous  descent,  with  the  immense  advantage 
that,  owing  to  the  entire  liberty  of  choice  as  to  the  length  given  to  each 
plane,  the  best  alignment  and  lightest  work  available  on  any  part  of  the 
surrounding  country  may  be  chosen. 

But  more  than  this  was  gained.  Any  long  continuous  grade  which 
is  steep  enough  to  move  cars  with  journals  in  rather  bad  order,  must  be 
steep  enough  to  speedily  give  cars  in  good  order  a  dangerous  velocity. 
Thus  it  would  be  impossible  to  let  cars  run  of  themselves  down  a  con- 
tinuous grade  of  any  kind,  while,  on  the  switchback,  not  only  was  this 
50 


94^  APPENDIX  C. 


very  readily  done,  but  a  pretty  high  average  velocity  could  be  safely 
used,  from  tiTe  fact  that  it  in  any  case  could  not  exceed  a  certain  maxi- 
mum. Again,  when  necessity  required,  it  was  easy  to  stop  cars  at  any 
point. 

Analogous  advantages  are  readily  obtainable,  mutatis  mutandis,  by 
switchbacks  operated  by  regular  trains  running  in  both  directions,  but 
!iot  under  the  conditions  of  ordinary  practice,  which  necessitates  the 
<  :omplete  loss  of  all  the  vis  viva  of  the  train  at  every  switch.  The  plan 
;  hown  in  Figs.  312  and  313  will  apparently  obviate  this  necessity  com- 
pletely, and  introduce  no  new  elements  liable  to  cause  difficulty,  but,  on 
the  contrary,  give  smooth,  easy,  and  rapid  motion.  The  details  of  this 
plan  are  as  follows  : 

As  Respects  the  Switches, — The  switches  should  be,  and  are  easily 
made,  entirely  automatic.  Their  normal  position  should  be  that  in  Fig. 
312,  in  position  for  running  up  hill,  and  not  down  hill.  A  runaway  train 
or  car  cannot  then  pass  a  switch  and  continue  down  grade.  As  respects 
a  train  going  up  grade,  this  arrangement  presents  no  difficulty.  It  may 
simply  run  through  the  switch  D,  springing  the  points  over  to  let  the 
wheels  pass.  Simple  devices  of  many  different  forms  may  be  used  to 
restrain  too  rapid  return  of  the  points  after  the  passage  of  each  single 
wheel,  but  this  is  not  essential,  as  the  wear  and  tear  would  be  small. 

The  mechanism  here  outlined  acts  as  follows: 

Down      Trains.—  A         \ 
places  B  and  C  in  position        '  v      >. 
to  act,  which  are  otherwise  ^O^yS^ 

entirely  inop)erative.  ^^^vJ^^^^^SI? 

B^  when  first  made  op-  ^^"^C/^^^^5:>.._ 

erative   by  A^  opens    the 
switch  D  for  track  C,  and 


X 


holds  it  open.  *"  " *"*  """"^Jt* 

C,     always     operative         y\q.  319.— Mechanism  for  Automatically  Operating  the 
when  -ff  is,  returns  A,  B,  Switches  of  SwrrcnaACKS. 

and  D  to  their  original  positions. 

yi,  /?,  and  C  are  supposed  to  be  located  with  reference  to  having  the  engine  always  at 
the  same  end  of  the  train.  If  the  engine  be  at  the  other  ends  the  switches  must  be  oper- 
ated by  hand. 

Up  Trains. — If,  by  carelessness,  the  engineer  of  an  up  txain  should  leave  the  switch- 
actuating  lever  down,  nothing  will  happen  except  to  set  /I  as  if  for  a  down  trftin,  in  leav- 
ing the  switchback.  This  will  not  affect  following  trains,  either  down  or  up.  Should  a 
succeeding  up  train  be  equally  careless,  it  will  act  first  on  C  and  then  on  A^  thus  running 
through  the  switch  with  no  effect. 

A  train  descending  should  be  able  to  operate  the  switch,  so  as  to  con- 
tinue descent,  by  a  single  act  of  the  engineer,  but  only  by  intention  on 
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his  part.  This  may  be  accomplished  by  a  very  simple  and  inexpensive 
apparatus,  such  as  that  outlined  in  Fig.  312,  operated  by  a  lever  or  idler 
wheel  on  the  locomotive  controlled  by  the  engineman,  and  with 
mechanism  somewhat  similar  to  that 
of  the  simpler  forms  of  interlocking 
apparatus,  which  it  would  be  super- 
fluous to  describe  in  detail,  as  it  can 
be  designed  in  a  few  hours  by  any 
signal  engineer.  The  general  meth- 
od of  operation  is  described  beside 
Fig.  312,  the  whole  insuring  that  (i) 
up  trains  shall  always  pass  the 
switches  freely  and  automatically;  (2) 
that  runaway  down  trains  shall 
never  pass  them,  but  be  caught ; 
(3)  that  regular  down  trains  shall  be 
enabled  to  pass  the  switches  auto- 
matically by  a  single  act  of  the  en- 
gineer; (4)  that  careless  neglect  of 
this  act  shall  do  no  other  harm  than 
to  cause  the  train  to  run  back  again 
on  the  up  track;  (5)  that  danger 
signals  shall  be  set  when  the  switches 
are  wrong,  or  any  part  of  the  appa- 
ratus broken ;  (6)  that  the  switches 
can  at  all  times  be  operated  by  hand 
if  desired,  or  if  the  mechanism  is  out 
of  order. 

As  respects  the  Adjustment  of  the 
Grades. — Fig.  313  shows  in  detail 
what  the  writer  regards  as  the  proper 
adjustment  of  grades  for  a  2  per  cent 
switchback,  and  the  principle  of  the 
.  adjustment  for  any  grade.  With 
this  arrangement  it  is  unnecessary 
for  an  up  train  to  use  brakes,  or  even 
shut  off  steam  at  all,  for  making  the 
stop  and  then  starting  backwards. 

It  will  be  seen  that  the  up  grade  continues  unbroken  until  it  has 
passed  the  switch  and  then  rises  in  a  sharp  vertical  curve,  which  rises 
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>.'//:*-,  \r.*t  T'-.y/ilar  j^ra'i':,  *jo*A'ly  at  firn,  and  at  the  further  end — ckt^It 
<  •.  :t  ;,r':o'j  J*. '-».'.  A;i>j.T\'\  arxid'rnts — ris«s  vf:ry  rapidly  indeed.  Tr.^  a  ^: 
^r  r,;/  ♦.?.':  rrii  .';  to  a  HV/p  •jio'A'ly  and  gradually,  but  certain  It.  w.iii:!;: 
«:  *.'.':.'  •.:.  ,?•-  r;;;  off  ^/.'r^irn  or  using  brakfrs.  The  rise  necessary  to  Co  thj 
for  ''.:./  y  '.*:.  *:ii.:t  \\^',*'A  mayhtt  computed  exactly,  and  is  given  iz,  Tiile 
i>.  of  •:.. ;  vo.  .U»",. 

S>;>,oov:  ;:  •..-;»;»  to  h^:  a-xcndinj;  the  2  per  cent  grade  at  a  ur.iforn: 
,;/':':o'  of  /5  \u.i*'\  \ftzT  Hour.  Then,  by  the  table,  a  lift  of  7.99  ft.  atove 
t.'i':  r*-//-i'.''ir  ynift':  will  bring  it  to  a  -sU-»p  even  with  the  engine  still  usir^ 
'/"un..  If  ib«:  v'J'y.it.y  U:  only  lo  m:ics  per  hour,  a  lift  of  3.55  ft.  only 
v.'..i  \,".  wrt: //.try,  and  this  wiil  or  can  readily  be  made  to  be  the  usual 
•:,o':':'l  of  ;ipjiroa'.h.  In  that  r^isc,  if  the  train  consist  of  10  cars  and  be 
4'/>  ii.  utuy,  It  will  come  to  rest  'AJth  the  steam  still  on,  unchanged,  when 
the  re:jr  of  the  train  has  passed  a  little  over  lOO  ft.  past  the  switch,  the 
/'•fjtr';  of  yr.iwwy  of  the  train  being  then  3.55  ft. above  the  tangent  grade- 
line.  'Iln!  slack  of  the  train  will  \hz  taken  out.  under  these  conditions, 
wf.ry  j^ra'lually  ifKJeed,  arid  almost  at  the  instant  of  coming  to  rest. 

If,  tlj'Ti.  without  r. hanging  the  throttle,  the  reverse  lever  be  thrown 
ov'-r  info  b;u  k  gear,  or  even  merely  into  mid-gear,  so  as  to  do  no  work 
at  ail.  th'-  train  will  immediately  start  backward,  still  holding  all  the  slack 
out  of  thr  tr;iin,  whi'  h  will  continue  out  until  forward  motion  is  resumed 
;it  th'-  mxt  s'A'it.Mibar  k.  If  the  lever  were  immediately  placed  in  the 
-..irii'-  not'  h  of  ha'  k  giar  in  which  it  formerly  stood  in  forward  gear  (which 
v/'/iiM  \n'  ijiin<-M:s',ary;  tlie  s[>*;ed  which  the  train  would  have  acquired  on 
M-.imim^^  the  upper  straight  grade  at  T,  Fig.  313,  would  be  that  due  to 
th'-  h'U'.ht  I ,  whi'.li  is  3.55  -f  (^>  ><  4;  =  35-55  ft,.,  or.  as  per  Table  118,  31^ 
iiiih- ,  |»'r  hour.  :iri  objcctirMiably  high,  but  not  dangerous,  speed.  Had 
till-  yr\ttt  It  V  "f  aj»i»ro;i'  h  from  below  been  15  miles,  this  speed  would  have 
\}rr\\  that  'liir  to  yj.fyj  ft.  ()V  only  32)j  miles  per  hour, and  had  the  velocity 
o(  .i|»|)rf;;i'  h  (in  <  :i  .«•  of  passenger  trains)  ^)ec^  even  20  or  25  miles,  this 
•.pir'i  woiil'l  h;ivr  l>e<-n  r>nly  36 f)r  39  miles  per  hour.  Thus  the  switch, 
with  i;t;i'l'",  ari^iiu'.c'l  as  shown,  can  be  run  through  at  any  speed,  making 
no  iiiorr  (  haniv  in  the  brakes,  steam  or  engine,  than  to  throw  over  the 
II  v«i  .'•  hvi-r,  ;it  thr  moment  tlic  train  comes  to  a  stop,  from  full  gear  f  or- 
w.ikI  to  full  iMMi  l)a(  k. 

With  orrliiijinlv  <:ircful  aiirl  safe  working,  the  speed  at  Z".  Fig.  313, 
would  he  about  lo  inil<-s  per  hour  higher  than  the  speed  of  approach, 
a  yAxw  far  iiioic  than  sulficiciit  to  obviate  all  loss  of  time  from  the  Stop. 
atui  (({tiivalciit  ( (or  s|)r((ls  of  I  o  miles  ])er  hour  approaching  and  20  miles 
Icaviii';)  to  a  suhiraciion  ol  iu.65  vertical  feet  from  the  rise  in  the  next 
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grade — a  gain  which  will  considerably  increase  the  average  speed  or  haul- 
ing capacity,  or  both.* 

Fig*  3^3  equally  well  represents  the  conditions  at  the  next  ensuing 
switchback,  where  the  train  approaches  rear-end  to  it,  if  we  simply  as- 
sume the  engine  to  be  at  the  other  end  of  the  train.  It  reaches  the  po- 
sition shown,  backing  up  from  below,  with  all  slack  out  of  the  train.  In 
starting  forward  on  the  up  grade,  the  rear  f  nd  of  the  train,  being  on  a 
steeper  grade  than  the  engine,  will  tend  to  crowd  slightly  upon  it,  and  by 
setting  the  reverse  lever  in  the  second  or  third  notch  of  forward  gear, 
the  slack  will  be  taken  out  in  the  gentlest  possible  way,  far  more  gently 
than  is  ever  possible  in  starting  on  a  level. 

Thus  the  ordinary  and  great  objections  to  sharp  hollows  in  grade-lines 
do  not  apply  in  this  case.  On  the  contrary,  the  action  is  smoother  than 
it  would  be  without  the  curved  profile.  Similarly,  the  still  greater  ob- 
jections to  a  stop  on  the  grade-line  do  not  apply  at  all  in  this  case.  We 
rather  gain  by  it,  because  the  whole  train  stops  and  starts  again  with  the 
gentleness  and  economy  of  energy  of  a  pendulum,  for  identical  mechan- 
ical reasons. 

This  being  so, — there  being  no  loss  of  time,  no  loss  of  distance,  no  loss 
of  hauling  capacity,  and  no  measurable  loss  in  smoothness  of  motion, — 
we  have  left  as  a  net  gain  two  things :  First,  A  great  additional  safe- 
guard against  collisions  with  and  derailments  of  runaway  trains  or  parts 
of  trains.  Accidents  resembling  the  terrible  one  on  the  Southern  Pacific, 
on  the  Tehachapi  grade,  some  years  ago,  in  which  nearly  all  of  a  train- 
load  of  people  were  killed  or  injured,  are  not  likely  to  occur.  Before  a 
train  can  attain  a  velocity  of  60  or  70  miles  per  hour  it  must  fall  128  or 
174  feet  in  excess  of  the  fall  required  to  overcome  its  resistance.  If  we 
estimate  its  average  resistance  in  acquiring  that  speed   at  20  lbs.  per 

*  If  the  train  were  running;  up  a  straight  grade  LOT2X  15  miles  per  hour 

4I00 
(say  22  feet  per  second)  in  - —  =  18.2  seconds. 

Via  the  switchback  it  takes: 

o  I   22 
O  to  stop,  800  feet  at  average  speed  of  about         "    —  48.5  seconds. 


Stop  to  r.  1200         *•        •*        '•        "        ^i^=43.3 


(< 


91.8 

Loss  of  time,  as  nearly  as  may  be,  i^  minutes. 
The  train  is  then  moving  10  miles  per  hour  faster,  so  that  it  will  save  this 
lost  time  almost  within  the  next  mile. 
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ton,  equivalent  to  the  acceleration  on  a  i  per  cent  grade,  a  train  must  de- 
scend a  2  per  cent  grade  for  2\  to  3^  miles  before  it  will  acquire  those 
velocities.  A  single  car  would  take  much  longer  yet,  so  that  a  switch- 
back every  3  or  4  miles  would  go  far  to  insure  against  the  worst  results 
from  such  catastrophes,  which  no  care  can  wholly  avoid. 

Second,  A  great  reduction  in  cost  of  construction  and  amount  of 
curvature,  and  usually  in  rate  of  gradient  as  well,  is  assured  ;  in  some 
cases  more  than  others,  but  always  considerable.  In  the  line  described 
in  this  paper,  the  writer  estimates  that  half  the  curvature,  and  nearly  half 
the  cost  of  construction  to  sub-grade,  might  have  been  saved  by  using 
not  more  than  eight  or  ten  switchbacks  on  the  whole  ascent  of  8000 
feet,  through  the  better  choice  of  ground  afforded.  An  entirely  different 
route  would  have  been  selected,  and  nearly  the  whole  line  might  have 
been  reduced  to  but  little  more  than  a  surface  line. 

On  the  other  hand,  there  is  the  unquestionable  disadvantage  in 
switchbacks,  that  engines  do  not  pass  curves  well  running  backward.  In 
part  this  is  remediable  in  the  design  of  engines,  and  by  leaving  the  rear 
drivers  blind,  but  the  only  proper  course  would  be  to  use  an  easier  maxi- 
mum curve  on  the  sections  on  which  the  engine  runs  backward,  which 
would  be  the  same  both  ascending  and  descending,  and  to  make  those 
sections  as  short  as  possible. 

Thus,  the  writer  believes,  this  objection,  while  it  cannot  be  entirely 
removed,  may  be  reduced  to  very  small  dimensions  ;  and  should  it  again 
fall  to  his  lot  to  locate  a  line  of  railway  upon  an  ascent  of  8000  vertical 
feet,  or  even  a  half  or  a  quarter — or,  possibly,  even  an  eighth— of  that 
ainouiu,  he  will  in  no  case  willingly  attempt  to  locate  it  for  an  unbroken 
locomotive  run.  but  either  use  switchbacks  for  a  light  traffic,  or  study 
with  great  care  the  possibilities  of  the  locality  for  inclined  planes  with  a 
heavy  traffic. 
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References  to  tabular  matter  are  indicated  by  *,  and  references  to  many  of  the  more 
important  conclusions  for  immediate  application  are  in  small  capitals. 

To  save  space,  many  page  references  are  marked  thus: 
500 +,  meaning  '*  Page  500,  and  following  pages  not  in  the  inr.mediate  context." 
500 -, 
500  ±. 
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"Page  500,  and  preceding  pages  not  in  the  immediate  context." 
"  Page  500,  and  pages  both  preceding  and  following  not  in  the  imme- 
diate context." 
*'  Page  500,  and  in  various  other  places  throughout   the  volume,  to 
which  more  specific  reference  under  this  head  did  not  seem  con- 
venient or  expedient.     See  elsewhere." 
q,v.  (which  see)  has  been  used  in  many  cases  for  giving  cross-references,  as  mo&t 
economical  of  space. 

Because  there  are  many  cross-references  it  must  not  be  assumed  that  they  always  exist. 
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c.  op'g  exp.,  earnings  per  mile 
and  bead,  ^90;  wealth  per  cap., 
♦26 
Arkansas:  area,  pop^n,  sidings,  p. 
c.  op'g  exp.,  earnings  per  mile 
and  head,  ^90;  wealth  per  cap., 
♦26 
Arkansas  river,  fall,  841 
Art  and  science,  831 
Ash-pan,  loco.,  ^.r.,  wt.,  ♦414 
Asia,  railways  of,  ^43 

rolling  slopes  in,  844 
Asphalt,  H.  U.  in,  ^450 
Assistant  engines,  585 

and  low  grades,  590,  659 
cost  of,  601 

and  train  wages,  671 
how  to  estimate,  604 
interest  charge,  604 
duty  of,  598  -f 

and  light  traffic,  599 
separate  engs.  necessary, 

for  passenger  service,  59s 

example,  607 
grades  lor,  591 
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Ass-Bac 

Aflsistant  engines— Ci7»//m»/</. 

GKADBS,  BALANCE  OF,  593  — 

example,  604 -f- 
companng  with  uniform 
[grade,  604  -f 
curve  comp^n  for,  598 
projecting,  high,  669 

low,  596,  666 
as  aff'd   by  length  gr., 

[618-9 
duplicate  tracks,  691 
temporary  grades,  76i5 
when  wrone  to   reduce, 
old  lines,  introd^  on,  788  [671 

CONCLUSION  AS  TO,  8o8 

operating  at  yards  and  stains, 
block  signals  for,  6oz  [599 
cutting  trains  in  two,  599 
power  of,  491 

best  wt.,  597 
tank  engines  as,  599 
without  stopping  t*ns,  702 
presumpt*ely  always  adv.,  5b6 
two  or  three  rarely  advisab., 
work  with  nature,  589   [6^  & 
Assistants,  discred^g  rep*s  of,  836 
Atchison,  T.  &  S.  F.  Ry..  fluct. 

[in  stoclcs,  *46 
<oco.  performance,  *439-4z 

*' Uncle  Dick  »^  loco.,  421 
miles  and  earnings,  *7i9 
sharp  curves  on,  279 
Atkinson,  E.,  forecast  of  ry.  con- 

[struction,  *4i 
Atlantic  &  Gt.  W   as  Erie  con- 

[nection,  730 
loc*n  at  Springfield,  O.,  s6 
strategic  disadvantage  of,  223. 
{S*i  New  York,  p7&  O.) 
Atlantic,  M.  &  O.  Ry.,  alignm't 

[statist.,  ^264 
Atlanta  &  W.  Pt.  Ry.,  loc.  per- 

[formance,  *439 
Australia,  Am.  Iocs,  in,  432 

pop'n,  railwajrs,  wealth,  etc., 
rolling  slopes  in,  844  [^27,  ^43 
Austria,  bridges,  wt.  of,  767 
locos.,  no.  and  work  of,  *i6o 


pop  n,  r'ys,  wealth,  etc.. 


[♦^ 


'27. 
^45 


rolling-s*k  and  traffic,  etc.,  *^\ 
receipts  per  inhabit  pass,  and 

[frt.,  ♦los 
Austrian  N.  W.  Ry.,  lub'n  tests, 
Automatic  brakes,  ^.7'.,  488     [516 

couplers,  q.v.^  488-9 
Axiom  as  to  location,  660 
Axles,  accidents  from,  '246 
car,  cost  and  deprec'n,  ^204 
maim,  of,  ♦162 
w't  of.  *\^\ 
size  of  M.C.B.,  ^13 
eflfect.  on  fric,  513 
French,  521 
loco.,  life  of,  ♦420 

w't  and  cost,  *4i2  -f- 
radiating,  possible  effect,  283 
Axle-boxes,    loc.    w't    and    cost, 

(♦413  4- 
Axlc-friction,  ^.r/.,and  rolling,  515 
belter  lub'n  needed,  509  -j- 
comp've  coeff.,  512  ± 

Babbitt  metal  in  loc.,  ♦412-4 
Backing:  locos,  ^.7/.,  950 
Backing  up  in  loc'n,  865-6 


Bac— Bel 

Back  pressure,  locos.,  g.v.^  47a 
Baden,  cost  rys.,  etc.,  *45 
"  Bad  times"  and  ry.  const.,  763  & 
Baggage  cars,  q.v.^  dimen*s,  etc., 

[*49« 
Balance  of  grades,  ^.v.,  593^.  608 

traffic,  q.v.^  flucts.  in,  loz 


slide-valve, 
Baldwin  Loco 


.  Wk*s  and  Consol. 


catalogue,  422  [cng.,  278 

computing  cap*y  of  Iocs.,  44a 
Decapod  loc.,  detMs,  *4xo 
loco,  cost,  comp.  all  sizes,*564 
narrow-gauge,  *564-s 
per  ton,  *4tz 
dimens.,  etc.,  *4o8 
fast  pass.,  4az 
perfomumce  table,  ^438 
test  of,  ♦461  -f 
wt.  of,  incr.  X3  yrs.,  ^466 
on  drivers  per  sq.  ft.. 
Ballast,  cost  of,  773     [grate,  ^459 
various  roads,  *z9o 
economy  of,  77a 
imp*t  in  practice,  X14 
lining  with  string,  124^  977 
Ballast  trains,  handling  of,  773 
Baltimore  &  O.  rd.,  cars,  heaviest, 
wheels  on,  486,  5x3      [490 
curves,  sharpest,  278,  395 

Y  on,  279 
fastest  train,  *529 
flucts.  in  stock,  %6 
history  and   causes  succesi, 
inundations  on,  783  [730 

location,   Allegheny    incline, 
balance  of  grds.,  6x8  [^699 
for  pushers,  585 
profile,  condensed,  698 
temp'y  lines,  ^700 
loco,  boiler  pres.,  *4o8 

cost  and  miles  pr.  y.,  ^159 
mogul,  dimens.  etc.,  *4cS 
maint'ce  ezps.^  34  yrs.,  *xa9 
miles  and  earnings,  ^7x9 
opg.  exp.  and  trains  per  day, 
p.  c.  opg.  exp.,  *xxo  l*x7a 

why  low,  xio 
per  train-mile,  cost,  *xx6 
train-load,  frt.  and  pass,  *ax7 
Bankrupt    lines,    pass   far  from 

[towns,  68  & 
never  from  curves,  655 
Bar-iron,  past  prices  of,  7^ 
Barranca,  def.^  928 
Blanca,  spiral,  678 
Zimilahuacan.  949 
Barometer,  use  of,  838,  847 
Basaltic  lava,  684 

river  of,  ^28 
Bath  lubrication,  q.v.^  efTy,  509 
Bavaria,  cost  rys.,  etc.,  ^s 

flange-fric.  tests,  5x6 
Beams,  comp've  strength,  742 
stiffness,  740 
Bearings,  compass, 

for  taking  off  paper  loc*ii, 

for  transit  work,  888    [89a 

use  always  for  map*g,  886 

loco.,  q.v.y  life  of,  420      [♦z6o 

Belgium  locos.,  no.  and  work  of, 

popu.,  rys.,  wealth,  etc.,  ^27, 

1*43*  Ns 
rolling-stock,  traffic,  etc..  ^43 
Bell,  locf)..  cost.  •413  [♦26a 

Belleville  &  E.  rd.,  alignH  statist., 


B  ho— Bra 

Bhore  Ghaut  incline,  '699 
Birmingham,Eng.,  stat'n  exp.  at, 
Bissell  truck,  q.v.y  430  &  [828 

Blackmail,  r'ys  built  to,  14 
Blast-nozzle,  sfze,  ^^09 
Block-signals,  interrg,  q.v.^  and 
[assist,  engs.,  601 
Blue  Ridge  rd.,  60  ft.  &  6<*  comb'n, 

*  Bogie'  truck,  q.v.^  421  [656 
Boiler,  loco.,  q.v,^  449 

cost  new,  details,  ♦Z50-5 
explosions,  ^247 
life  of,  ♦4Z9 

pres.,  effect  increas*g,  401 
repairs,  details,  *Z46 
English,  *i44 
p.  c.  due  to  various 
[causes,  ^203 
and  minor  det'ls,  *Z49 
water  in^  wt.,  ^400  & 
marine,  efficiency,  *456-7 
Bonds  and  stock  per  mile,  sect'ns 
building  on,  30       [U.S.,  *zo7 
nature  of.  39 

*  Boom'  and  inception  of  ry8.,34  & 

and  prices,  763 
Boot,  on  Mex.  ry.,.*699 
Boreas  summit,  descent  from,  696 
Boring  tools,  868,  893 
Borrowed  money,  intox*g  eflft,  34 
Bosnia,  cost  r*ys,  etc..  ^45 
Boston— N.  Y.  traf.,  loss  bydist., 
side  track  at,  823  [709 

train-speed  to,  650 
Boston  &  Albany  rd.,  alignment 

[statist.,  *259 
curve  comp'n  on,  6ax 
flucts.  in  stock,  *46  [*Z59 

locos.,  cost  and  miles  per  yr., 
fast  pass.,  wt.,  etc.,  42Z 
slide-valve  tests,  532 
tubes  in,  *49o 
op'g  exp.  and  trains  per  day, 
rates,  fail  of,  *736  [*Z72 

sidings  on,  ^895 
ton-mile  rect's,  etc,  *zx5 
train-load,  frt.  and  pass.,  *az7 
growth  of,  *xoo 
Boston  &  Lowell,  Iocs,  cost  and 
[miles  per  year,  *z59 
p.  c.  switching-miles,  *z8z 
Boston  &  Maine, locos.,  cost  and 

[duty,  ♦zsQ 

Boston  ft  Prov.,  locos.,  cost  and 

washouts  on,  781    [duty,  *zs9 

Bottom   lands  and  high  water, 

[850  & 
Bound  Brook  line,  fuel  tests,  528 
Box  cars,  q.v,.  dimensions,  etc., 
60,000  lb.  srd,  *490        [*486-7 
Box  culverts,  q.v.^  wooden,  755 
Brake-gear,  accidents  from,  *a46 
Brakes,  automatic,  cost  new,  *x5x 
effect  on  speed.  370 
gain  from,  804  ft 
cost  of,  deprec'n,  ^904 
destructive  to  wheels,  377 

extent  of  do.,  *3z8 
efficiency  of,  average,  494 
coeft.  fric.  of,  990 
computing,  336^  494 
maximum,  495 
on  caboose,  359 
waste  of  power  by,  691 

example^  33r-343  [3T«-« 
when  ncedad  OB  gradcii 
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kand,  and  low  speed,  a68 
Bnadies,  ly.,  731,  51 
aT.  tunings,  732 
cailT  buikiioir  bad,  764 
for  defence,  718 
paM.  irafl.  of,  734  [732 

reason  for  great  increase  of, 
pBOjBcrmG,  ui«iv*L  RULB  for, 

I  SECOND,  do.,  734  [733 

to  develop  territory,  735 
Braases,  car,  naint.  of,  *z6a  a 
locoa.,  f.v.,   wt.,  etc.,  *z5o, 

[*4X9  & 

Bfcckenridire,  Col.,  Ioc*n  at,  695  -f 
Brenner,  rj,  profile,  698-9 
Bfftiali  ry.  dividends,  *4z 

operatinffcjcpenses,  *i78 
(5^  Great  Briuin,  etc.) 
Bridge-building,  cause  of  prc^.  in, 
Bridges,  accidents  from,  '347     [3 
coat  new  per  lb..  905 

as  aff.  1^  rolling  Id.,  767  + 
draw,  weight  of,  905 
erecting,  cost,  905 

all  spans  but  one,  68 
Boor  of,  9do,  004 
hcariest  car-loads,  *49o 
maint.,  cost  of  U.S.,*xao,  *X98, 
prelim,  ests.  of,  003      [♦178-6 
rerailing-guard  for,  900 
rolling  load,  767  +« 490 
types  of,  for  Tar.  spans,  904 
TiDration  of,  447 
weight  of,  003 

as  aff.  By  depth,  ^och 
by  rolling  Td,  *767-7a 
by  q>an,  ♦7«7-7« 
by  sil  or  iron,  ♦767-71 
double  track,  765 

formuiae  for,  903 
light,  save  little,  765 


on  narrow-g.,  753 
width  of,  904 
Bridge  piers,  prelim,  ests.,  898 

pile,  770 
Bridge  spiral,  ^.9.,  078-9, 68x 
Bridging,  p.  c.  cost  to  total,  ^757 
Broad  St.  sution,  PhiUu, traffic,  69 
*  Broken-back  *  curves,  870 
Brooklyn,   B.  &  C.   I.,  sharpest 

[curve,  335 

Brooks,  rate  of  fall  of,  840  & 

Brooks  Loc.  Works.,  loc.  dimen- 

[sions,  etc.,  ♦407-8 

load  on  drivers  per  sq.  ft. 

[grate,  ^452 

Brunswick  &  Ch.  rd.,  alignment 

[statistics,  ♦364 

Boffalo.  greatest  yd.  in  world,  823 

inundations  at,  783 

miles  of  sidings  in,  ♦821 

Buffalo  Creek  rd.,  »ide  tracks,  ♦821 

Baffalo,  N.  Y.&Phila.,  alignment 

[statistics,  ♦359 
sidioRS,  Buffalo  yd.,  ♦831 

total.  ♦835 

loco,  perf 'cc,  ♦438 

Building,  const'n  of,  and  surveys. 

on  bonds.  30  [856 

what  is  built  well,  65^  &    [♦25 

Buildings  (houses),  U.  S.  value. 

ry.  cost  new,  p.  c.  to  totol.^757 

mainL  various  rds..  ♦120. 

[♦170-6 


Bul— Car 

Bulgaria,  cost  rys.,  etc.,  ^45 
Bunching,  curvature,  f .v.,  655 

grades,  q.v.^  587  & 
Burlington,  la.,  brake  tests,  496  & 

slack  tests,  489 

train-res.  tests,  196 
Burlington  &  S.  W.,  alignment 

[statist.,  ♦363-4 
Burlington,  C.  R.  &  N.,  do.,  ♦363-4 
Burr,  J.  D.,  paper  by,  979 
Bumettizing  cross-ties,  ^.v.,  134 

Cable  traction,  merits  of,  686,  944 
modern,  origin  of,  689 
passing  summits  by,  689 
Caboose  brakes  set,  359 

dimensions,  etc.,  ^486-7 
Caledonian  ry.  locos.,  cost  and 

[duty,  ^159 

intM  rad'n  tesu,  473 

California:  area,  pop'n,  sid^gs,  p.c. 

of  op'g  exp.,  eam'gs  p.  mile  and 

heaa,  ♦90:  wealth  per  cap.,  ^36 

Calumet  mine  bch.  (8)t  gr.),  ^700 

Camden  ft  Atl.  rd.,  wneel-wear 

[on,  ♦987-8 
Camp  outfit  for  loc*n,  q.v.,  867 
Cansida,  Am.  Iocs,  in,  433 

bonds  and  stock  per  m.,  ^107 
earnings  per  m.,  *io7 
growth  nrs.,  ^434 
pop*n,  rys.,  wealth,  etc.,  ^37 
ry.  subsidies  by  govt.,  ^107 
Canada  Southern  ry.,  align't,  and 

[Huds.  R.,  338 
branches,  money  spent  on,  764 
eam'gs  and  length,  ^719 

per  mile,  ♦107 
fiucts.  in  stock,  ^46 
nature   of   traffic,  local   and 
[through,  314 
train-load  fjrowth,  ♦100 
{See  Michigan  Central.) 
Canadian  Pac.  ry.,  length  of  divs., 
rolline-stock  per  m.,  ^47    [169 
Canals,  U.  S.  value,  ^25         [♦335 
Canarsie  &  Rock*y,  sharp* t  curve. 
Carbon,  H.  U.  in,  ^450  [aents,  354 
Carelessness,  as  cause   of    acci- 
Cant  (superelcv.,  f  .r.),  371 
Cape  Government,  roirg-st*k  p. 

[mile,  ^47 
Capital,  floating,  U.  S.,  amt.,  ^35 
in  rys.  of  world,  ^27,  ^43  & 
made  less  by  bad  loc*n,  60 
return  on  Am.  rys.,  ^41 
English  rys.,  ^41,  ♦yg 
Capital  acct.,  danger  of  increas- 

fing,  113,654 
distrib'n  of,  *^\  & 
Car-Builders'  Dictionary,  491 
Car,  falling,  ex.  of  grav.,  342 
Car-couplers,  aut.,  and  speed,  804 
pass.,  why   easily  intro- 
[duced,489 
probabilities  as  tofrt.,  488 
types,  two  distinct,  489 
bad,  impede  long  trains,  566 
Car  (^.».)  mile,  fuel,  P.  R.  R.,^i4o 
Carpets  falling   over,   accidents, 
Carr's  Rock  disaster,  255  [258 

Cars  and  rail- wear,  122 

capacity  of,  increase,  485,  114, 

effect  on  exp.,  485     [135 

on    car    constr.    and 

[sp'd,  370 


Cair— Car 

Cars — Continued, 

capacity  of.  effect  of  narrow* 
.   [gauge  on.  485,  75s 
transition  state  of,  487 
classes  of,  f r't,  486  4- 
pass.,  49« 
side-dump,  774 
cost  of  maintenance,  160-7 
as  affected  by  additions, 
age,  163  [166 

M.  C.  B.  rule,  905 
curvature,  319 
radius  of,  641 
distance,  901-4 
growth  of  traffic,  166 
high  mileage,  163 
local  service,  163 
rise  and  f.,  377 
train  length,  570 
average  cost  of,  z6o 
per  cent,  details,  full,  frt.. 
pats.,  167  [*t6z-4 

bodies  and  trucks  sepa- 
[rate,  ♦Z64 
pass., outside  and  inside, 

[904 
distrib'n  to  causes,  ♦903 

TO  VARIOUS  PARTS,  Z67 

Chicago  rds.,  ♦174-6 
sections,  U.  S.,  ♦190-6 
trunk  lines,  ♦179-6 
34  years,  X39 
English,  ♦Z48  A 
per  car  per  jrear,  ^148 
cost  new,  X63-4 

box  and  stock,  details,^304 
flat  and  cosd  details,  ♦sos 
per  mile  N.  Y.  C,  ♦tz 
depreciation   of  (see  above), 

[z69,  905 
varying  causes  for,  909 
dimensions  of  frt.,  all  classes, 
pass.,  ♦49X  [486-7 

irreg*ties  in,  487 
European,  530  -f 

and  Am  cross-aec.,  599 
elev'd  ry.,  646 
friction   of,    q,v.    {A    train 

[rss.),  50Z 
European,  ♦383,  ♦sos 
invention  of  Am.  car,  43z 
load  of,  cannot  be  full,  6zz 
E.  &  W.,  ^609  -I- 
how  to  est.  probMe,  99 
mileage  of,  cost,  all  paru  U. 
frt.  cars,  z6i-9  [5.,  ♦Z70-6 
average,  168 
why  low,  Z65 
pass.^  168 

sleeping,  z68  [^47  & 

number  per  mile,  world,  ^43, 

riding  of,  and  curves,  375 

ht.  cent  of  grav.,  371 

ton-miles  per,  U.S.  sects.,  ^97 

weight  of  frt.,  486-99       [^490 

extra   large   and    heavy, 

mat'ls,  separately,  ♦16%. 

pass.,  491  [567 

WHY   CROW  HSAVISR,  I39 

Car  ^.T'.  springs,  compres'n  of,  379 
Car-wheels,  accidents  from,  ^346 

and  rail.  307,  516  & 

cost  and  depreciation  of,  ^904 
failures  on  for'n  rds.,  z66 

cracks  and  breaks,  loc'n,  3Z9 

maint.  of,  ^164 
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Car-wheels,  maint.  oi—Coniinutd. 

causes  of  failure,  *3X7 

p.  c.  due  to  var.  causes, 

milea^re  life  of,  319    [♦203,*377 

as  affected  by  quality ,*3i7 

lead^&T  and  trailV  wh  Is, 

[♦288 
loco,  and  tend'r  trucks, 

[♦288 
comparative  pass,  and  ft., 
on  curves,  q.v.^  283  [167 

as  pulleys,  302 
flanfi^e  wear,  308 
rotation,  energy  of,  334 
size  and  wt.  of,  ♦163,  av.,  335 
4a-in.,  513,  gxa 
French,  521 
U.  S.  standard,  *486 
eff't  on  train  r.,  513     [335 
p.  c.  wt.  to  total  of  trains, 
skidded,  fric,  q.v.^  ^ago 
tread,  proper  form,  308 
errors  as  to,  307 
CartinfiT,  amt.  of,  and  ry.  traffic,  5a 

cost  of,  820 
Castings  ia  locos.,  ^7'.,  *i5o  & 

prices  Am.  and  Enff.,*4i6,*763 
Cattle,  accidents  from,  ♦245,  ♦247 
Cattle-guard,  plan  for,  770 
Caucasus  ry.  profile.  698 
Cement,  co.  should  furnish,  903  & 
Census  U.  S.,  defects  in,  *il6\ 

(Otherwise,  the  many  abstracts 
not  indexed.) 

Centre  of  gravity  of  cars,  271 
of  exchange  traffic,  227 
of  trains  in  sags,  357-60 
of  two  towns,  67  [629  & 

Central  angle  and  curve  compM, 
Central  la.,  align't  statist.,  '262 
Central  N.  J.,  fastest  train,  ♦529 
fluct.  in  stock,  ^46 
loco,  perform.,  ♦440 
Central-rail  rys..  404 

(.SW  Rack.) 
Central  Vt.,  alignm't  statist.,  ♦259 

p.  c.  switching-miles,  ♦181 
Central  Pacif.,  alipnm't  statist., 
fluct.  in  stock,  *46  [♦265 

loco.  "  El  Gubernador,'*^  de- 

[tails,  *4io 
Mastodon    loco.,    details, 
1*410,  •423 
load  on  drivers  pr.  so.  ft. 
Mogul,  421       [grate,  *452 
miles  and  earnings,  '719 
mountain  grade,  ^700 
Centrif.  force  on  curves,  g.v.^  269 
common  error  as  to,  301 
effect  on  curve  resist.,  298 
position  wheels.  300 
safety,  ^00      [eff't,  *273 
limits    of     objectionable 
lbs.  per   ton  var.  cur\'es, 
of  couiuerwts.,  446    [etc.,*27o 
Cevi.on,  long  grades  in,  ^699 

rolling-stock  per  mile,  ^47 
Chciin,   with   wheels,  and    curve 
Chains,  metric,  7(^()  [res.,  303 

radii  by,  ♦26^  •\- 
Chairs  for  cross-ties,  English,  125 
Chances,  theory  of,  864  & 
Chanute,  O.,  on   loco,   adhesion, 
loco,  r.iil  wear,  \i?.  [44^ 

train  resist'ce,  51S,  525      [*2'-4 
Charlotte,  C.  &  A.,  aligiVt  statist., 


Cha-Chi 

Charlotte,  C.  &  K.—C&niinutd, 

maint.  way  exp.,  128 
Chattahoochee  River  fall,  841 
Cheap  lines,  a  priori  preferable,  x8 

when  to  prefer,  583 
Cheat  River,  fall,  841  [*a64 

Chesapeake  &  O.,  alig^^t  statiat., 
curve  comp^n  on.  621 
60  ft.  and  6*  comb^n,  656 
Chicago,  distances  to,  340 
grain  rec'ts,  738 
train  speed  to,  650 
rates  to  and  through,  ax8  & 
terminals,  loc'n  01,  73 
relative  size,  837 
Chicago    roads,    op'g   exp.    and 
[trains  per  day,  ♦174 
train-Id.  growth,  *xoz 
rates,  fallin  ao  yrs,  *736 
Chic.  &  Alt'n,  align't  sutiat,  *a63 
fluct.  in  stock,  *46 
op'g  exp.  and  trains  per  day, 
rates,  fall  of,  *7a6  [•174 

train-Id.  growth,  *zoz 
Chic.  &  E.  111.,  align't  statist.,  *a6a 
Chic.  &  G.  T.,  align't  statist.,  *36a 
Chic.  &  N.  W.  flucts.  in  stock,  *45 
furniture  car,  ^490 
miles  and  earnings,  *7Z9 
cp'g  exp.  and  trains  per  day, 
chart,  of,  etc.,  35       [♦174 
rates,  fall  of,  ^736 
train-Id.  growth,  *xoz 
Chic,  R.  I.  &  P.,  fluct.  in  stock,*46 
miles  and  earn'gs,  *7Z9 
op'g  exp.  and  trains  per  day, 
rates,  fall  of,  *736  L*i74 

train-Id.  growth.  *zoi 
Chic.  &  Spr'fd,  align't  statitt.,*36a 
Chic,  B.  C.  &  W.,  align't  statist., 

[•363 
Chic,  B.  &  Q.,align*t  8Utist.,*a6a 
dining-car,  ^491 
dynamom.  tests,  50Z 
fluct.  in  stock,  ^46 
locos,  cost  new,  detMs,  *iso-7 
p.  c.  labor  and  mat*ls,*z5a, 

[•4x6 
dimensions,  etc.,  ^407 
Id.  drivers,  per  sq.  ft. 
[grate,  ♦45« 
performance  of,  ^440 
wt.  and  cost,  detUs,  *4z6 
tender  cai>acity,  standard, 

[♦378 
miles  and  earnings,  *7Z9 
motive-power  expenses,  Z57 
op'g  exp.  and  trains  per  day, 
rates,  fall  of,  ♦726  [*i74 

traffic,  growth  of,  157 
train  and  brake  tests,  497  -|- 
water-supply  on,  ^378 
Chic,  M.  &.  St.  Paul,  alignment 
[statistics,  ♦363-3 
fluctuations  in  stock,  ^46 
miles  and  earnings,  *7i9 
op'g  exp.  and  trains  per  day, 
rates,  fall  of,  ♦726  L*i74 

timber  structures  on,  770 
train-load  growth,  loz 
Chief  engineer  should  make  re- 
[connaissance,  23,  833  & 
of  party,  duties,  867 
!  Child,  sense  of  distance.  844 
'  Chili,  loco,  performance  in,  ♦438 
railway  grade  in,  '699 


Chu— Col 

Churches  and  schools,  U.  S.  value. 

[♦25 
Cincinnati,  Erie  business  to,  222 

Cine,  H.  &  D.,  align't  sutist.,  *2t\ 
distance,  value  of,  22x 
curve  comp'n  on,  631,  656 
Cine,  N.  O.  &  Tex.  P.,  loco,  tests 

[on,  477 

So.    Ry.,  pedestals  and  via- 

[viaducts,  cost,  etc.,  901 

60  ft.  and  6"  comb'n.  656 

Cine,  N.  O.  &  Tex.  P.  (Cine  So. ), 

[alignment  statistics,  '264 

Cine,  W.  &  Mich.,  align't  stat., 

[♦261 
Cities,  great,  to  nowhere,  731 

and  small,  traffic  of,  70 
Cities  often  in  hollows,  859 
partjr-wall  laws,  814 
terminal,  q.v.^  655  ec 
traffic  of,  f .r>.,  heavy  into,  6x7 

growth,  *7X4 
train  speed  between,  648-50 
Clark,  D.   K.,  on  adhesion  and 

[speed,  435 
tram  resistance,  518.  528 
radiation,  int'l,  472 
wire-drawing,  etc.,  474 
Classification  of  material,  and  con- 

[tour  maps,  877 
Clearance  spaces,  loco.,  a.v..,  472 
Clearing,  illusive  effect  irom,  850 

p.  e,  cost  to  total,  '757 
Cleaning  locos.,  q.v.^  cost,  ^147 
Cleveland,  Erie  business  to.  222 
CleveM  &  Mar.,align't  8tatist,*36z 
ClevM  &  Pitts.,  p.  c  switching- 

[miles,  'iSx 

CleYM.,C.,  C.&  I.,  align't  statist., 

p.  e  switching-m.,  ♦i8z   [*26i 

rates,  through  and  way,  con- 

jstant  ratio,  224-5 

fffowtb,  traffic,  ♦216         [♦214 

p.  e  local  traffic  and  thro', 

p.  e  various  classes.  *2i5 

tons  and  ton-miles,  E.  and 

[W..  etc.,  ♦216 

train>Ioad  growth.  *ioz 

aeTM,T.V.  &  W..  align't  sutist., 

[♦261 
ClevM,  Mt.V.&  D.,align't  statist., 

[♦361 
Cluster-bent  trestles.  900 
Coal,  cost  per  ton,  U.  S.,  X32 
lbs.  per  car  and  eng.  m.,  Z39  & 

iJStt  Fuel.) 
ship'ts  west,  economy  of,  135 
used  at  N.  Y.  terminals,  *8i9 
car^  ^.v.,  extra  heavy.  ^490 
trains,  operating,  *Z32  & 
Coatepec,  line  at,  937 
Coasting  and  ry.  accidents,  357 
Cocks,  loco.,  cost,  4x3 
Col  bum,  Z.,  loe  tests.  437 
Collins,  C,  on  ditching,  773 
Collisions,  causes  of.  345 
Cok>rado:  area,  pop'n.  sidings,  p. 
e  op'g  exp.,  eaminn  per  mile 
and  nead,  *oo ;  wealth  per  cap., 

[•26 
ditches,  ocular  illusions,  847 
elevations,  696-B,  700 
rys.,  cost,  689.  696 
estampte,  6*14 
gaii(^  of,  694 
Cok>.  Centr.,  alipiVstatist.,  S65 
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Cohimbiis,  C  ft  I.  C,  p.  c.  twitch- 


iing-miles,  *i8z 
r 


CoBbiisUon,  heat  in  jsaaes,  ^456 

loco.,  f  .r.,  capacity,  449  -f 
CcMBmerce,  triangular  course  of, 
'CompaaT/  nature  of,  38-9  &  [6x5 

rent  their  line,  36 
Com  pan  lines,  863  - 

(d  tranait)  graduating,  888 
ONupensation  of  curv.,  q.v.^  620 
CoBpetitson,  effect  on  p.  c.  op*g 

[exp.,  109 
Competitive  rates  and  non-comp., 
(3«tf  Through  and  Local.)  [58 
are  from  door  to  door,  54 
on  very  Imig  haul,  ax8 
traffic  true  classtf'n,  aia 
effect  distance  on,  3x5 
Compound  interest,  *8o-83,  ^747 
effect  of,  80 
locomotives,  chances  for,  133 
Composition  of  veL  ex.,  387 
Compremion,  loco.,  q.v..  low  and 

[gain,  470 
Conoentratiog   resistances,    gain 

[by,  587 
Concord   &  Portsm.,    alignment 

[statistics,  *259 

Concrete  for  pedestals,  903 

Cood^  Hacienda  del,  ioc*n  at,  682 

Condensing  eng's,  cost  and  eff'y, 

gam  by,  ♦468  P531  & 

Coiling,  effect  on  amt.,  slipping, 

path  of  wheels,  3x2  [288 

probably  injurious.  389 

00  effect  on  position  ot  wh*ls, 

soon  disappears,  384  [282 

Connecticut:  area,  pop^n,  sidings, 

p.  c.  op*g  exp.,  eaminfi^  per  m. 

and  haul,  ^90 ;  wealth  per  cap., 

••6 

CoBoections,  short,  desirable,  219 

Coonellsville  &  So.  Penn.,  map 

[on,  888 
Consolidation   loca,  q.v.^  origin 

[of,  378 
most  us?d  on  heavy  curves, 
on  136  ft.  radius,  370  [X48,  281 
rel.  cost  reprs.,  *i4D 
Construction,  abandoning,  787 
a  priori  basis  of,  18 
*cheap  and  nasty,*  768 
cost  of.  and  accidents,  353  [+ 
and  cable  traction,  688 
curve  limit,  635        [694 
indep't   return    tracks, 
switchbacks,  684, 950  — 
washouts,  783 
bad  lines  cost  most,  926 

CONTRAST  BBTWEBN  SPEND- 

fINC  TOO   MUCH  AND  TOO 
LITTLE.  87 

economizing,  safe  direc 
[tions  for,  655,  757 
effect  on  val.  of  distance, 

[21 X 

danger  of  increasing,  X13 

estimating,  834 

by  eye,  833  [849 

ocular  q.x:  illusions, 

in  Colorado,  682, 696 

Mexican  r'y,  931  [♦757  & 
p.  c.  cost  various  items, 
to  S.  G.  a  minor  item,  8.^3 
jnevenly  di8tr*d  on  line. 
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Construction — Continued* 

fixed  sum  only  available,  763 
order  of  time  in,  763 
postponing,  86 
similar  st'd  for  all  lines,  737 
temporary,  a,v.^  624  & 
Constructive  mileage,  218,  241 
Contour  lines,  nature  and  def.,  873 
errors  in  drawing,  884 
maps,  coNCLi'sioN  as  to,  880 
good  and  bad,  ex.,  888 
Contractors  and  cement,  903 

estimates  by,  834 
Convenience   of  buyer,   consult- 
Corliss  engine  tests,  553     [ing,  52 
Corn,  acres  per  mile  ry.,  *9o 
Cornfield,  locating  through,  653-4- 
Corporation,  modern  ry.,  28 
and  grade-crossings,  815 
errors  of,  707  & 
Corpus  Christ! ,  error  at,  722 
Cortez,  route  in  Mexico,  928 
Cotton-bales,  per  mile  ry.,  ^90 
cloth  and  transp'n,  manuf're 

[of,  48 
Counterweights,  loco,  wt,  ♦4x3  + 
centrif.  force  of,  446 
effect  on  bridges,  447 
Coupler,  car,  q.v.^  488 
Couplings,  car,  q.v.^  close,  need- 
forces  acting  at,  303     [ed,  365 
slack,  q.v.^  effect,  358 
strength  of,  and  grades,  328 
three  conditions  for,  ^62 
when  most  broken,  3^ 
Courtesy  of  employes,  649 
Country  farmer  and  steep  hill,  656 

inspecting  grades,  602 
Credits,  scap,  loco.,  *i46-9 
Crest  of  hill,  contours  of,  885 

eye  fixes  on,  842  -|- 
Creusot,  Corliss  eng.  tests  at,  533 
as  to  steam  pressure,  474 
Cricket  and  ry.  accidents,  2^8 
Crossings,  grade,  q.v.^  accidents 

[at.  ♦246 
Cross-sections  plotting,  898,  897 

rods  for,  882 
Cross-ties,  burnettizing,  xx4,  125 
creosoting,  320 

cost  of,  AVEKAGB,  I24 

putting  in  track,  125 
cost  of  maint.  U.  S.  sections, 
[•128,  ♦170-6 
various  roads,  X20,  170-6 
as  affected  by  ballast,  774 
by  rad.  of  curves,  640 
cutting,  135 

economy  and  form  of,  775 
length.  780 
no.  7's.  wt.  rails,  776 
thickness,  778 
life  of,  and  curvature,  330 
seasoning,  124 
preserving.  114 
practice  as  to,  777-81 
size.  U.  S.,  777 
Gr.   Brit,  and  Europe, 
Croton  water,  purity,  ♦378       [124 
Crown-bars,  loco.,    q.v.y    weight 

[and  cost,  *4i2 
Cuchillo,  spirals  on,  684 
Cul-de-sacs,  def'n,  851 
examples.  852,  855 
Culverts  and  floods.  781 
loc*g  in  deep  fills,  851 


Cul— Cur 

Culverts — Contin  utd, 
prelim,  ests.,  898 
wooden,  75^         [statist.,  *36o 
Cumberland    Valley,    alignment 

loc.  performance,  *438-4x 
Current  of  water,  judging,  840 
Curtis,  G.  W.,  on  Mex.  ry.,  932 
Curvature,  3^ 

accidents  from,  345 

Adams,  C.  F.,  on,  354 
danger  of,  real,  357 
Monte  Carlo  disaster,  353 
on  elevated  r)rs.,  646 
p.  c.  accidenu  due  to,  349 
possible  pay'ts  for,  350 
a  minor  detail,  185 
amount  of.    {jSee  also  Sharp.) 
as  affected   by  care  and 
[skill,  63s  & 
inexperience,  654  & 
radius,  6|x-3 
smooth  slopes,  843   [656 
time  given  to  surveys, 
limits  of  choice,  narrow. 
No.  of,  U.  S.,  240, 259  [x88 
on  high  line  to  Leadville, 

on  Rocky  Mt.  rys.,  *205  & 

per  mile,  av.,  628       [^2^9 

States  &  rys.,  U.  S.,  full, 

possible  change  in  loc'n 

[not  great,  251 

use  to  reduce  grades,  ex., 

and  heavy  engines,  378  [66x  -j- 

loco.,  reprs.,  small  effect  on, 

[•x88 
making  time,  368 
smooth  riding  of  cars,  375 
bad  practice  as  to,  *363 

English,  342 
'broken  back,*  870 

COMPENSATION   FOR,  630 

as  affected  by  speed.  633 
by  length  train,  634 
by  radius,  633 
at  stopping-points,  633 
computing  from  cent,  an- 

[gle,  639 

CONCLUSIONS  AS  TO,  633 

effect  diff.  rates,  ^630 
on  pusher  grades,  598 
origin  of,  631 
proper  rate  not  fixed,  637 

exam  TLB,  638 

virtual  profile  given  by, 
COST  OF,  3x3  [631 

as  aff.  by  radius,  333 
by  repairs  engs  ,  315 
by  rate  grades,  ^8x 

causes  of,  two  distinct,  313 

CONCLUSIONS  AS  TO,  32X 

effect  on  cross-ties,  320 
p.  c.  on  loc.  and  car  re- 
[pairs,  *303 
per  train-mile,  *322 

DEGREE  OF,  MEANING,  258 

distinct  objections  to,  636 
e>'e  exaggerates,  842  + 
max.  and  min.  of  limiting, 
max.  limits  for,  635      [653 
disadvantages  vi.<iiblc,  343 
distribution  irregular,  633  & 
ends  of,  trackmen  flatten,  376 
transition,  ^.v.,curves,  376 
entering  and  leaving  worst, 

ta75 
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Curvature — Continutd. 
forces  acting  on,  a8z 
lots  of  power  small,  3x6 
loco.  q.v.  safety  on,  148,  433 
loss  traffic  from,  375 
lost  time  on,  648  & 
moral  effect  of,  376 
prevailing^  error  as  to,  044 
LiMmNG,  6ao 

TABLE  OP,  653 

limit  of,  and  bankruptcy,  655 

CONCLUSIONS  AS  TO,  653 

effect  on  construction,  635 
fixing  in  advance  wrong, 
on  light  rys.,  749  [654 
60  ft.  and  6"  comb*n,  650 

TOPOGRAPHICAL  LIMIT,  655 

wrong  mode  of  det*g,  244 
limits  of  object'able  spd.,*373 
metric,  degrees  of,  684 
radius  of,  banlcruptcy  never 
[comes  from,  655 
effect  on  comparVe  rail 
[wear,  396 
curve  compens'n,  633 
curve  resistance,  con- 
[cLusioNS,  305 
distance,  64a 
speed,  64 « 

train-load,  650       [393 
flange,  a  v.,pre8S.  unaff*d, 
in  ft.,  ch.,  and  m.,  *367 
inherent  cost,  638 
length  between  same  T. 

[Ps.,  ^644 
limiting  effect,  645 
loss  of  time  by,  647 

cost  of,  648 
various  modes  of  design- 
[ing,  358-66 
rail  wear  on,  ex.,  393 
rel.  importance,  ex.,  394 
sharp  and  zigzag  devel  ts,  678 
examples,   elevated  rys.. 
[N.  Y.,  64W 
high  line  to  Leadville, 
Mexican  ry.,  931       [697 
Peruvian,  679 
sharpest  in  regular  use 
[if.  S.,  •sas 
U.  S.  Mil.R.R.,  326 
flange,  a.v.^  wear  on,  393 
gives  choice  more  routes, 
[656,  698 
lengthens  tan^s.,  641 
may  save  dist.,  643 
on  pusher  grades,  667 
radii  for,  ♦266  [266-7 

running  with  short   ch., 
taking  out  on  old  lines,  787 

on  Penna.  rd.,  277 
*  train-degree '  of,  583 
Curve  protractor,  Spa 
Curve  resistance,  mechanics  of, 

[28Z 
amt.  due  to  surf.  fric.  only, 

[291 
as  affected  by  age  of  rails,  295 
form  do.,  295 
centrifu.  force  and  super- 
[elevation,  298 
greasing  flange,  516 
obliquity  of  traction.  301 
six    and    four    wheel 

[truck.  2S8 
various  types  loc.,*279— 


Cur~Den 

Curve  resistance—  Continutd, 
as  affected  by  velocity,  9x1 

CONCLUSIONS  AS  TO,  304 

distinction  force  and   power, 
600**  =  I  mile  dist.,  315       [393 
Curves,  broken  rails  00,  356 
centrif.  force,  q.v.y  on,  369  -|- 
functions  of,  det'g  diss.,  *644 
inside  and  outs,  rail,  differ. 


Sength,  384 


loco.  q,v.  truck,  why  needed, 
offsets  to,  det'g,  87a       [436  -f- 
projecting,  893  — 
to  fit  topog*y>  668 
transition  curvet  for,  869 
radii  of,  determ'g  difib.,  644 
sharp,  short    chords    prefer- 

[aole,  367 
slipping  of  wheel  on,  cause, 
error  as  to.  387       [384-^ 
velocity  of,  389 
transition,  ^.er..  why  needed, 
vertical,  tf;.er.,  869  [976 

Cushing.  G.  W.,  loc.  tests  by,  559 
Cut-off,  loco.,  q.v»y  av.,  ^ds  -f- 
and  speed,  477 
theoret.  gain  by,  *^67-8 
Cuts(excav.,  ^.v.),  shallow,  snow 

[in,  X96 
Ijfenerally  last  work  done,  893 
Cutting  of  cross-ties,  cause,  xts 

trains  in  two,  599 
Cylinders,  non-conduc*g  theoret. 

[eflPy,  •468  & 
loco.,  q.v.^  life  of,  400 

Dakota,   align't  statitUct,   *a63: 

area,    pop.,    sidings,  p.  c  op. 

exp.,  earnings  per  mile    and 

head,  ^90;  wealth  per  capita,  ^96 

Danville  &  S.  W.,  align't  sutia- 

[tict,*a6a 
Days  per  year,  taken  at  365,  yi 
Dayton  &  Mich.,  align't  statiauct, 
Dazio,  spirals  at.  673  [*s^x 

Dead  weight  and  f  uel  consump*n, 
freight  cars,  av.,  6x0  &      [xjq 
mineral,  present  ratio.  6x4 
of  loco.,  all  grades,  *688 
pass,  trains,  49X 
why  little  injurious,  xm 

WHY  TENDS  TO  INCR.,  567 

Decapod  loco.,  q.v.^  details,  ^4x0 
Defaults,  railway,  ^40  [358 

Degree  of  curve,  q.v.^  measur'g. 
Depreciation,  fr't  cars,  rate,  ^304 

M.  C.  B.  rule,  ^305 
Delaford,  M.  F.,  expts.  as  to  st*m 

[press.,  474 

Delaware,   area,  pop'n,  sidinfj^ 

p.  c.  opg.  exp.,  earning  per  mile 

and  head,  *9o;  wealth  per  cap., 

[♦96 
Delaware,  Lac.  &  West.,  align't 

[statistics,  *36o 
loco,  performance,  ^438 
sidings,  total,  *82f 
p.  c.  switching-miles.  *i8t 
terminal  exp.,  etc.,  N.  Y.,  ♦8x9 
track,  Buffalo  yd.,  *83x 
train-load,  growth,  ♦100 
Delaware  &  H.  C.  Co.,  gravity 

[r'y,  693 
Denmark,  rairys,  cost,  etc.,  Nj 
Denver  &  Rio  G.,  Calumet  Mine 

[bch.,  Voo 


Den— Dit 

Denver  &  Rio  Q.—CoMtinutd. 

Consolid'n  engs.  on,  381 

curve  comp'n  on,  63x 

effect  n.  gauge,  753 

financial  status,  41 

flucL  in  stocks,  ^46 

long  giades  on,  699 

profile  condensed.  698 
Denver,  So.  P.  &  P., location  map. 
Depots.   {Se€  Stations.)  [696 

Derailing  switches,  def.,  8ix 
Derailment  accidents,  q.v,,  345 

and  caboose  brakes,  359 
Detdoint,  M.,  loco,  tests,  531 
Detroit  grain  receipts,  728 
Detroit,  G.H.  &  M.,  align't  statis- 
tics, *963  L7<x>»  933  & 
Development,  examples  of,  679  -f-, 

in  flat  country,  66x  -f 

RULE  AS  TO,  694 

spiral,  extreme  ex.,  684 
wrong  practice  as  to,  67X 
Diagrams  iox  ests.  of  structures, 

[89ft 
jgeometric,  exagg'n  in.  387 

Differences  in  receipts  and  exp. 

[to  govern,  17,  6» 

of  rev.  make  corps,  rich,  50 

Diniiig  cars,  competition  with,  73 

dimensions,  etc.,  *49x 

**  Discounting"  the  future,  94 

Dispatching,  train,  and  improve- 

[ment8,old  lines,  791,  803 

and  ballast  trains,  774 

Di^iffoportion  of  traffic,  7.  v.,  608 

effect  on  train-Id  ,  zoo 

coal  movement  west,  X35 

Dittancc  (Chap.  VII.),  195 

a  minor  detail,  185 

and  breakiof  tangts.,  394 

light  raiiwasrs,  756 

rraucing  low  grades,  660+ 

radios  <>t  curves,  641  -f- 

betwcen    towns,    effect    on 

[earnings,  700 

compar.  value,  great  and  small 

[diffs.,  908,  340,  709,  ^21 

construction    cost,    allowing 

[for,  91 X 

coBtradtctory  law  as  to,  9x9 

example  of,  798 

coat  of,  X98,  907-8 

as  affected  by  amt.  of  ex- 

[tra  dist.,  198 

by  rate  grades,  581 

by  way  recta.,  934 

credit  side  to,  sxx 

nature  of,  197  [^31 

developing,  f.v.,  to  gain,  ex., 

to     red.    pusher    grades 

[wrong,  67X 

diff.  via  any  curve,  ^644 

effect  of,  on  competitive  rects, 

[•»>9 
on  loco,  and  cars  rep'rs, 

ON  OPG.  BXP.,  198,  907-8 

great  diffs.,  909 
on  receipts, 
on  through  recta.,  398 

LAW  AS  TO,  938 

do.  GRKAT  diffs.,  709 

errora  in  values  of,  9xx 
estimating  by  eye,  845 
acroaa  water,  845 
eye  foreabortans,  84a  + 
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Dhchiiic,  imparuou  al,  17 

oc.  illiuioni  u  (o.  Bf  7 
DiTidcDdf.  L.  S.  &  M.  S..  ■ 


DiviMoa,  tcngth  ol 


obtiuaiBK.  bj  iinp'ii  gnde.Sa 
Daiiagt,  menul  nuip  oT.  836 
Dnw-tsrt,  elST'd  r'y,  6^ 

uatioD  on  in  ngi,  «« 

a*  BtDO,  by  ipccd.  ]47.  34 

when  moAl  broken,  368     [*J4 
DrawbridRc*,     iccidenu     iroa 


wo|ihl(«r-/»LMO,), 
■  Drsp  tea '  (or  ir'n  miu.,  m 
Dnuimm.  and  minor  deUib,  ti 
DuboqueASC,  -   -' - 

DndlcT.  P.  H..  rit..^  ^u  1.. 

Dodley.  P.  H..  fuel  tetu.'t 
Dwiln,  C.  B..  eip'u  on  nul 
Diilutb.  iniD  rec'ti.  738 
Dampon,  114 
Dmkirk.  coounictin  mite 


Dnplia 


teiU»n(lT*f.,i4*. 
™p'i.  sc«         Cms 


Edg-Eng 


INDEX. 
Ear-Eco 

Barninn.  per  \D\\t—Ci>nlinmd. 
iJHlribuiiooo(do.,«ioe 

l!s?'«"m.s.,m 

per  bead,  pau.  and  frX  bv 

[KCtiODI  D.  S.   •71:8.,  'j^j, 

do,   whole  \J.^,1tj-8i. 

m™:."b  ''" 


|lo,  B44-f. 
eiec'fc  by  train.  773,  So*.  ,  Eliiabelb,  L.  4  B.  S.,  aliao'l  lUI- 

prismoidal  form'a.  80s       [s>i  '  [ut.i  'ae* 

Bailem  ry.,  Fiaoce,  journal-boi.    Eillotl,  !,  S.,  A  Jalipa  line.  941 

loc,  ie!lson,4M..S3j  [•>8i  Eiy,T.W„onCon.olidaiiQOri.g,, 
Eailern  Kd.,  p.c.  sxiicbinE-miiu.  Emeiv,  C.  E.,  paperby.  'sji  [*uS 
n c i.ii  .; -.-  o._    D — '—ii  and  break  i- • — 


EdKchill,  lidinn  at.  817 
BJuticiiy.  modului  of,  def..  us 
Eleciriciir     »     maxat,    twMbie 
Electric  inlerlockint.  ^.'..HV 
Elevated  t'ys,  ca«t  per  lb.,  90J 
curvei.  reiiH.^on.  597 

•peed  oil,  lyj,  jij 
earnings  and  eip..M 
growth  traffic  on,  *in 


en  »i.9|i  j  Employ^  and  break  in'lwol 


Min.,  V  .  «  'GJoco.  Mifcc,  I 
,..«t,oo,7o.    .  INja 

lunlty.  er>roT»  10,  984  & 
■latioo.and  compel.  Irar- 

in    consmetion'^'' "  ■ 
[why  gtneraliy  »alc,  67  I 


o.  on  6.  s!  ryi, .«,    [10,896 

platforms,  frt.  c>'ri^'*48« 

(y  and  pr«M.,  eonfu^D  u 
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Engravini^ 

Engravings,  Inubx  by  Subject: 
Abutments,  pile,  770 
Alignment,  possible  devia'ns 

[small,  189 
Ameca  River  spirals,  etc.,  684 
Ames  car  coupler,  489 
American    line    to   Mexico, 
[maps,  etc.,  93a  + 
Arc,  mental,  striking,  838 
Areas,  ft.  lbs.  and  H.  U.,  455 
Ball  on  plank,  308 
Better  country  than  it  looks, 
Bissell  truck,  436, 439-31    [848 
Boiler  power,  adapting,  403 
Brakes,  computing  eff^y,  494 
branch  lines,  examps.,  7^-0 
Breckenridge,  Col.,  loc^n  at, 
Bridg[es,  comp.  wt.,  767     [696 
diff.  rolling  Tds,  769 
vibration  of,  447-^ 
Broken-back  curves,  ex.,  870 
Burlington  train-r.   tests,  497 
Cable  system,  planes  f  or,689-93 
Cars,  centre  grav.  of,  371 
Car-wheels,  comprenion    of, 
usual  Am.,  514  [563 

Cattle-guard,  C,  M.  &  St.  P., 

[770 

Centre  of  gravity  in  sags,  360 

of  rolhng-stock,  971 

Chicago,  M.  &  St.  P.  timber 

[strucs.,  770 
N.  W.  grain  receipts,  738 
Cine,  N.  O.  &  Tex.  P.  loco, 
[tests,  48a  + 
Coal,  lump  of  unournt,  440 
Cochituate,  L.,  rainfall,  783 
Cone,  contour  map  of,  874 
Coning,  model  for  testing,  311 
radius  of  path  wheels,  3x3 
Contour  lines,  errors  in,  884-5 
maps,  finishing,  888 
nature  of,  874 
Counterweights,  loc,  447 
Couplers,  automatic,  489 
Couplings,  forces  at,  331,  303 
Crossings,  stops  at,  grades,8oa 
Cross-section  rods,  883 
Cross-ties,  theory  of  form,  775 
Curvature  and  accidents,  353 
and  tunnels,  343  [639 

compensating,  effect,  631, 

on  low  grades,  652 
radius    of,    5®   and    !©•, 

[636-40 
Curves  and  wheel-bases,  283+ 
checking  speed  on,  647 
comp.  safety  locos,  on,  433 
offsets  to,  determ^g,  873 
position  truck  on,  356,  383I 
radius  of,  and  speed,  647 
rail-wear  on,  393         [646 
Curves,  sharp,  elevated  17s., 
may  save  dist.,  643 
variat'ns  dist.  via,  64a 
Denver,  So.   P.  &   P.,    map, 

[etc.,  695-7 
Development,  effect,  588 
examples,  668-636  & 
Distance  and  rate  grade,  671 
and  sharp  curves,  642 
effect  on  receipts.  230 
oc.  illusions  as  to.  859 
slight  effect  lateral  dev'ns, 
total  &  rate  grades,67i[237 
via  various  curves,  642 


Engravingf 

Engravings,  Index  by  Subject: 
Double  track,  uses  of,  69^4 
Eastern   ry.,    France,  jour.- 

[box,  5x1 
Elevated  ry.  curves,  646-8 
English  tunnel,  343 
Estimating,  from  profiles,  897 
Falling  bodies,  paths,  339 

veT.  of,  624  [887 

Field-sheets  for  mapping,  ex., 
Flange-pres.,  loc.,  on  curves, 

[433 
resultant,  993,  994, 999 

-wear,  actual,  308 
alleged,  307 
Foot-lbs.,  areas  and  H.  U.,  455 
Forces,  triangle  of,  clo8*g,  537 
Forney,  M.  N.,  model,  3x1 
Friction,  apparatus  for  test- 

[ing,  9x4 

coef.  of,  light  press.,  504 

experiments  as    to,   504, 

Gauge,  effect  of,  305     [9X7-X9 

Geometric  diagnuns,exagger- 

[ationt,  3^7 
Georgetown  spiral,  681 
Grade-lines,  possible  devia'ns 

[small,  X89 
Grades  and  uncompM  cunr., 

[695,  61^ 
broken,  sags  and  up'd,  694 
forces  on,  339,  536 
heavy,  of  world,  698 
long,  broken  cv.  cont't, 
momentum,  344-^  6l  [385 
of  repose  increas^g  speed, 
last  car,  369  [369 

rate  of,  and  asst.  eng.,  587 

St.  Gothard  r'y,  679-3 
reduc'g  by  devePt,  588,668 

saves  no  dist.,  67X 
resistance  of,  536 
sa^  and  summits,  693-4 
switchback  grades,  947 
train-load  on,  55a 
unif.  and  pusher,  604 
virtual,  q.v,^  348  +t  7^3 
Jong,  35^ 
Grain  re<rts.  N.  W.,  738 
Gravity,  action  on  grades,  536 
on  diff.  paths  oxdesc't,  £14 
r*ys,  typ.  profile,  6qx 
Great  inclines  of  world,  698 
Grooved  wheel,  394 
Gyration,  radius  of,  730     [455 
Heat-units  and  temp.,ai8tinc., 
Hemisphere,  contour  map  of. 
Hill,  J.  W.^  loc.  test.,  461  [874 
Hut,  ocul.  illusion  as  to,  846 
Impact  at  loin ts,  561 
Inclined  planes,  forces  on,  339 
vel.  down,  634 
types.  689-93 
Indicator  diagrams,  actual  ex- 
[amps.,  476-84 
typical,  simplest,  456 
with  expan.,  467 
Interlocking  app^s  for  switch- 

[backs,  946 
Interpolating  dist.,  effect  on 

[rect's,  930 
Iron,  price  of,  past,  763 
Jalapa  line,  maps,  etc.,  933 -f' 

profile,  698 
Janney  car-coupler.  489 
journal-box,E.  r*y,France,5xx 


Engravings 

Engravings.  Index  by  Subject: 
JourM-box,  usual  Am.,  514  [914 
JourM  fric,  app'tus  for  test  g, 

diagrams  of,  515,  917  -f 
Lake   Shore   &    M.  S.  train 
[resist,  tesu,  518 
Latitudes  and  departures,  dia- 
[gram  for  comp'g,  889 
Leadville,  high  line  to.  695-7 
Lehigh  Valley  rail  sec*n,  310 
Located  and  prelim,  line,  863 
Location  around  ridge,  668 

in  flat  country,  661 
Locomotives,  asst.  and  grades, 
profile  for.  666       [587 
V*.  through  engs.,  604 
use  over  summits,  689^ 
boiler-power  of,  403      [94 
Bissell  truck,  436,  439-31 
coal,  unbumt,  lump,  449 
centre  grav.  of,  371 
comp.  uifety  on  curv's,433 
counterweijghts,  447 
indicator  diags.,  476-S4  — 
power  of,on  grades,553,587 
resist,  of,  prop'nal,  53X 
trucks,  499  ± 
tests,  46X-8X 

wheel-base  diags.,  496 -|- 
wts.,  769        [test,  463 
London,  Br.  ft  So.  C.  loco. 
Lubrication,  effect  on    fric, 

[9*7-9 
Manhat'n  elev.  ry  c*rves,646-7 

Moping,  field-sheets  for,  ex., 

[887 
good  and  bad  ex.,  888 
Mexican  Central,   Ameca   r. 

[spirals,  684 
Tepic  to  coast,  676-7 
spiral  on,  678 
National;  Pacific  b*ch,  793 
Mezico-Vera  Cruz,  map,  939 
Momentum     grades,     344-5, 

[693-5,  703 
Monte  Carlo  disaster,  353 
Mountain  grade,  Jalapa  line, 

Niagara  cantilevV  brdg.,  wt, 

[etc.,  909 
Northwestern  grain  rects.,  798 
Obliquity  of  traction,  301 
Ocular  iuttsions,  843  -|-,  665 
Ofhets  appear  too  large,  665 

to  curves,  879 
Oroya  ry.  deveIopm*ts,  679, 
Ovoiap,  views  of,  846-7  [684-6 
Pisnboia,  principle  of,  387 
Parallelogram  os  forces,  30a 
Pass,  oc.  Ulution  as  to,  845 
Peruvian  r*ys,  profile,  698 
Prelim,  and  located  line,  863 
Prices,  fluct*nt  in,  763 
Pirofile  condensed,  ex.  of,  86a 
estimating  from,  897 
Jalapa  line,  938  [853 

of  badly  reconnott^d  line, 
virtual,  pass.,  348  + 
'rt.,3S8  4- 
long  grade,  355 

«_«   •*«*;356  + 
Pulley  and  rope,  30a 
Radiation,  effect  on  cyli.,  476 
Rails,  alleged  comer  wear,  307 
and     wheels,    positions, 

[«9»^ 
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Rails,  bendinfp  of,  493i  775 
01,516,563 


price  of,  out,  763 

section,  L.  v.,  3x0 

sections,  worn,  293 

strength  of,  739 

yieMiDg  of,  493 
St  joints,  561 
RaiofsU,  past  90  yrs.,  783 
Rates,  dec.  in  U.  S.,  737,  33-5 
Reconnaissance,  ex.  of  bad, 

manner  of  makinflr,  838 
Resultant,  flange  press.,  39a 
Rkige,  low,  loc  g  over.  661-4 
Rise  sind  fall,  on  grades  and 

[level,  366 
wont  class  of,  371,  377 
Rolling-load,  comp.  effect,  767 

diags.  of,  769 
Ssgs  and  summits,  963,  633-4 
centre  of  grav.  in,  360 
motion  through,  356  + 
filling  up,  806 
in  long  grade,  63<    [673-3 
St.  Gothard  r*y  promes,  etc.. 
Slopes,  oc.  illusions,  843-9 
Speed,  check*g,  on  curves,  6^7 
increas'g,  virtM  profile,369 
Sphere  rolling  on  plank,  308 
Spirals,  Ameca  river,  68^ 
bridge  &  tunnel,  typ*l,  679 
bridge.  Mex.  C.  ry.,  678 
Un.  P.,  G'town,  &o-a 
St.  Gothard  ry.,  673-3 
Stations,  grade  9t,  Sox  -\- 
grades  belc  v,  791 
on  grades,  Sox,  803 
Stops  on  switchback,  947 
Stop-watches,  mounting,  796 
Stroudley,  Wm.,  loc.  test,  463 
Summits,  stations  at,  805 

types  of,  689,  693 
Superelevation,  effect,  398 
Surveys,  when  to  make,  ^%%.^ 

,       [859 
Switchbacks,  grades  for,  947 
Peruvian,  685-6 
sketch  of  principle,  94^ 
switches  tor,  046  U55 

TemperatureandH.U.,dt8t  n, 
Tepic,  descent  from,  676-7 

spiral,  678    [map,  ex.,  888 
Topographv.  good  and    bad 
law  of  dif .  In  slopes,  588 
taking,  883 

errors  in  do.,  S84-5 
Towns,  loss  dist.  ffoing  to,  859 
Track,  yielding  01,  493 
Train-load  on  grades,  553 
Train-resistance  tests,  497«Si8, 

TrslBc,  gr*th  of.  U.  S., 737,33-5 
law  of  growth  of.  713  — 

Traffic  points,  effect  of  muUi- 
[plying,  708  -f 

TrsnsiUon  curves,  nature  of, 
use  of,  exs.,  870-a        [869 

Trestles,  iron,  effect  ht.,  902 
wood,  C,  M.  &  St.  P.,  770 

Trunk  lines,  Mexican,  723  [3'j6 

Trucks,  Igth.  of,  effect,a83.287, 
position  on  curve,  356. 383 
rotstion  on  curves,  386 
swing-motion,  439 
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Engravings,  Index* by  Subject: 
Tunnels  and  curvature,  343 
ex.  of  avoiding,  668 
spiral,  673-84 
Union  Pacinc  spiral,  68x 
Valley  lines,  oc.  illus'ns,  848 
Vertical  curves,  theory,  386  -f 
examples,  389  -{-  [703 

Virtual  grades  and  actual  ex., 
descend *g  grade,  569,  799 
level,  passT.  348  -f,  353  + 
stations,  80X-3-5  4" 

Way  trafhc,  effect  inc  g,  708  -f 
Wellington,  fric.  diags.,  917 

train-resist,  diag.,  5x8 
Wheel-base,  length,  effect,  306 

long,  on  curves,  383,  387 
Woodbury,C.  J.H.,  fric.  tesu, 

[504 
Work  and  stress,  distinct.,  ^55 
Worse  country  than  it  looks, 

[849 
Entrained  water,  loss  by,  470  + 
Enginttr^  Thty  on  great  inclines 

[of  world,  ^699 
on  train  resist.,  pass.,  537 
Engineering,  cost  per  mile,  N.  Y. 

[C.&H.R.,*7i 
definition  of.  x  [two,  359 

Engineers  and  am't  of  curvature, 
errors  among,  880  [654 

needless  as  to  grades,  659 
have  first  chance  at  co.  funds, 
locating,  av.  work  of,  583-4  [34 

province  of  the,  17 
untrained   and    half-trained, 
[ests.  by,  834 
Bugineman  controls  breaking  in 

[two,  359 
do.  slipping  drivers,  q.v.^ 

Engine-mile  and  train-mile,  ratio, 

Engine  wages,    g.v,^    per   tram- 

XStt  Loco.,  Steam.)  [mile,  *X47 

English  practice  as  to  curvature, 

[343 
designation  of  curves,  366 
r'ys.  growth  of,  '79 

loco,  and  car  exp*s,  *i48 
motive-power    cxp.     de- 
[tails,  ♦147 
pass,  trains,  on,  96 
ratio  eng.  and  train  miles, 
•     statistics  of.  ♦79         [*i4S 
{See  Great  Britain.)      [435 
Equalizing  lever,  loco.,  q.v.s  4ti, 
Equanimity  esscnM  to  success,  840 
Equilibrium,  theory  of,  536 

stable, 382  JR.  ♦71 

Equipment  cost,  N.  Y.  C.  A  P.  R. 
per    mile  sections   U.  S., 
(.SV^  elsewhere.)  [♦So 

Equivalent.  (.iV^  Virtual  Grades.) 
Erection,  bridges,  cost,  90s 
Erie.  {Sec  New  York,  L.  fi.  &  W.) 
Erosion,  water,  effect  of,  684 
Kscandon,  A.  &  Mex.  Ry..  929  f*4i 
Estimate  of  future  r'y  construe, 
of  future  traffic,  method,  24,  76 
preliminary  Sgs 

precision  not  imp't,  895 
two  opposite  errors  in,  834 
Europe,  cheapest  r'ys  in,  ^45 
growth  r'ys,  ♦43 
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pass,  trains  in,  96  r*45 

pop'n,  r'ys,  wealth,  etc.,  •37, 
rolling-stock,  traffic,  etc.,  ^43 
terminals  in,  837 
European  car  resistance,  ^503 

rolling-stock  on  curves,  383 
Evans,  W.  W.,  paper  by,  691  [♦361 
Evansville  &  T.H.,  align't  statist- 
Evaporation,  loco.,  ^.v.,  av.  rate. 

,   [449.456 

as  aff^d  by  rat^  combus., 

sources  of  loss,  ^456    [450 

per  lb.  coal,  av.,  X56  & 

per   sq.   ft.   grate,   rate, 

1*464+ 
H.  U.  from  and  to  various 

[temp..  ♦450 
stationary  g.v.  engines,  *53i 
Excavations,  earth,  893-5 

shallow  rock,  868 
Exhaust,  work  of  piston  on,  473 
Expansion,  period  of,  def.  458 

theoretical  gain  by,  467 
Expenditure  on  const  c'n,  g.v,^  15 
Experience  and  am*t  curvature, 
and  grades,  583-4«  659       [654 
Experiments  as  to  adhesion,  443 
air-brakes,  390 
bridge  vibration,  447 
brake  efficiency,  434 

max..  49s 
coal  per  F  P. ,  ^460  & 
coning,  eh  ct  on  pos*n  wheels, 
Corliss  engine  fnc,  513     [aSa 
curve  resistance,  306  ft 
sharp  curves,  397  & 
entrained  water,  470 
falling  bodies,  laws,  33a 
friction,  brake,  390 
friction,  laws,  50^  -f«  913  & 
fuel  consump.,  light  Iocs.,  137 
grate-area  efnciencv,  484 

E easing  flange,  516 
ndling  fires,  aoo 
locos,  fuel  combustion,  464 
head  ref  1st.,  ^530 
high  spied,  473 
horse-rower,  451,  466 -f- 
p'rf 'm  e,  ♦461  -f ,  ♦476-84  & 
relativ  e  resist.,  531,  379  & 
runni  xg  light,  137 
tract,  power,  437,  55a,  701 
loose  wheels,  306 
narrow-gauge,  306 
path<oned  wheels,  309 
radiation,  313 

internal,  47a 
rail-wear,  X19,  394,  330,  380 
slide-valve  fric,  %yi 
slip,  imperceptible,  445 
slipping  wheels  on  curves,  385 
speed  of  freight  trains,  370 
steam  press.,  economy  of,  474 
train  resist'n*e,  497  -+-,  909, 9x3 
elements  of,  5x7  -f- 
high  speed,  536  H- 
trucks  on  curves,  383 
wheel  pressure.  133 
Experiments  by  Abbey,  H.,  445 
Baldwin.  O.  H.,  445 
Boston  &  Albany,  59a 
Chanute,  O.,  133,  536  — 
Clark,  D.  K.,  473,  474 
Cloud,  J.  W.,  385 
Colbum,  Z.,  437 
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El  p«r :  -  e  -  •  1  -,^  —CrtUimiud. 

Deirfoir.:.  M..  -iz'iji,  535 
D.*-iocn*.  e-x.,  4^3.  5/3 
Dr::,^*.  I .  "rr^ 
D-i/iiv,  C.  B..  -.*i.  3!c 
Di.-l.eT.  K  H.  jr'^,  513 

F'-.rn«y.  M.  N  .  j  j"*  — 

Oi'.I.ri.  D  .  2^"-.  4-4-«.  4^5 
H;.:.  J.  W..  •♦4S.  •♦'C'x  — .  'satf 
Hu:2soQ.  C.  H..7-.1 

Gue^hard.  etc..  443.  533 
Latr'.be.  B.  H..  3,7.  443 
MaxTe.  G..  4^4.  4?^ 
Morin.  A..  6,3 
Riibeauf.  Nf..  445 
Reii^y.  M..  ^r/^ 
Rbo-^es.  G.  W,,  497  -f- 
Ricour.  M..  537 
Robiav.«Q.  S.  w.,  447 
Sedf^clej.  J.  H..  3«3 
Smith,  C.  A..  44c,  479 
Spracrue,  F.  J..  55> 
Stroudlejr,  W.,  137,  aoo,  451, 

[460,  5a6 
Thurston.  R.  H..  504  -»-.  ^17  -r 
Tower.  B..  504  — ,  917  -f- 
Vuilleniin.  etc    443.  o33.  S35 
^eliinfi^oa,  A.   M..  ass.  393, 

,.-  ,['''U  320.  3S0.  504^,904,  9»3 
IJells.  R    137,  306       [435,  495 

«%estinghou«e,    G.,  290,   434, 

Woodbury.  C.  J,  H..  504  -r 

Ezploration  line.  S^o 

Export  traffic,  relative  iinp*rt'n'e, 

Crrows  ]e«s.  «^i5  [•105 

Southern    States,    triangular 

[course,  615 

Eiposure,  effect  on  car  and  enff. 

[reps.,  •203 

Extra  haul  not  a  burden  on  traffic. 

Extra  freifirhi  trains,  loa  [61 

Eye  for  country,  acquiring,  33, 

[834.  876  & 

ocular  Illusions,  84a 

Fairlie,  R.  F.,  inv.  narrow-gauge, 

locos.,  deif.  and  use,  424     [424 
ex.  of  heavy,  410 
in  Mexico,  932 
Fallinf^  bodies,  laws,  338-9  & 
Fallinff  down-stairs,  deaths  from, 
False  summits,  836  [257 

False  works,  cost  of.  005 
Farmer,  and  steep  hill,  656 

inspcctinf?  ^^rades,  662 
Farms,  1-.  S.,  value,  *25 

machinery  on  ilo.,  value,  *25 
Far  West  States,  area,  pop.,  carn- 
inf^H  per  mile  and  head,  etc.,  *<)i 

gen.  r'y  statistics,  ♦88.  '90 

maint.  way  exp.  details,  *i28 
Feat,  sci.  skill,  marvellous,  93a 
Fell  system,  fric.  r'y.  t'^rt 
Fences,  cost  V.  S.  sertions,  ♦laS 

maint.  Chicapo  lines.  *  174-6 
sections,  V.  S.,  ♦170-6 
trunk  lines,  *i77-6 

f).  c,  cost  to  total,  *7«;7 
Firlil-sherts.  mappinir,  ./.7/.,  8S^) 
Kii'lrl-work  of  surveys.  f/.7\,  SCo 
Fills,  and  cuts,  balanc'u,  S95 

I'icai'jf  culverts  in,  8^1 


Fil-Fra 

Fills  aad  cues — Crmtimmed. 

mm.  bet^h:  tor.  i^j 

=a.:iire  oiakei  in  raulcys.  3so 

proTe  deeper  tban  expected, 

scouU  exceed  cues.  S93     [851 
Fia'a".«l,  cheap  r'ys  in.  %5 

Iocs.,  no.  and  woric  of,  *s6o 
Fire,  acctients  frooL.  '247 

asd  r'v  accidents,  ni 
Fire-box.  !oco..  ^.r..  life.  *4i9-ao 

radianoc  /.r.  from,  313 

sheets,  fractarcs,  *4ao 

s:ze,  •407-4x0 
Fisher  rail -joint,  123    [miles.  *i8x 
Fitchburg  r'd.  p.  c.   switchiog- 
Fictings,  loco.,  cost  new,  det'b, 

[•iSo-s-»-4-s 

wt.  and  cose.  *4i3  — 
Fijud  charges,  defn,  33 

nature  of.  106 

rel.  amt.  of,  43-4-5  & 
Flag  for  trains,  how  carried,  los 
Flange,  best  form  of,  307  -f- 

FRKTION.  391 

greasing,  effect.  5x6 
independent  of  rad.,  sgi 
pressure,  agi 

and  cenirif.  force,  969 

CONCLirSlOMS  AS  TO,  3O4 

effect  of,  994 
independent  of  rad.,  991 
resultant  of,  393 
sharp,  proportion  of,  '317 
wear,  erron.  riews  as  to,  307 
Flat  cars,  dimens..  etc.,  *486-7 
Flint  &  P.  M..  loco,  perfce,  %t8 
Floating  capital,  U.  S.,  value,  ^s 
Floods,  accidents  from,  *347 

in  Talleys.  ^.r.,  783  [•ten 

Floor,  frt.  car,  cost  and  depiec  n, 
Florida :  area,  popu.,  sidini^  p.  c. 
opg.  exp.,  earnings  per  mile  and 
head,  ^90 ;  wealth  per  cap.,  ^96 
Fly-wheel,  energy  of,  334 
Fqg,  as  cause  01  accidents,  954 
Foot-pounds,  exprn  of,  338 
ot  work,  and  grades,  339 
Foot  travel,  illusions  from,  850  -f- 
Forces,  triangle  of,  536 
Foreclosed  lines   pass  far   from 
Foreclosures,  r*y,  39       [towns,  68 
Foreign  countries,  pay*ts  per  head 

[to  r*y«,  *io5  A 
Foreign  haul,  effect  on  value  of 

[disL,  999 

rys.,  gen.  sut.,  •97,  *49-4 

Foreshortening,  oc.  ^.r.  ilVn,  849-^ 

Forgings.  prices.  Am.  &  Eng.,%16 

Forney  loco.,  ^.p.,  def.  and  merits, 

[4*3 
Forney,  M.N.,Catechismof  Loco., 
on  rail-sections,  307  [499 

record  wt.  loco,  parts,  *4i4 
Fortress,ancient.in  Mex.,Q43  [*a6i 
Fort  W'ne,  M.  A  C,  align^t  sut., 
Fractional  sta'ns  and  prelim,  ests., 

[897 
Frames,  loco..  7. p.,  cost  new,  etc., 

weight,  414   [*i5o-i-a-4-5 

France,  exp'ts  on  adhesion.  443 

journal-boxes  in.  510,  5x5    [45 

popu..  r'ys,  wealth, etc.,  27,  43, 

loco,  drivers,  size,  ^35        [445 

imperceptible  slip  exp*t5, 

no.  and  work  of,  •160 

repr.  details,  '145 


Fra— Fue 

Ftmnee—Ccmtimmeti. 

looo.drivers.tests  of,  531.533  + 
railway  manage't  in,  '575 
safety  in.  958 
system,  growth  of,  44 
fec*ta  per  inhabt.  pass,  and 

[frt.,  ♦105 
rolling-stock,  traffic,  etc.,  43 

details,  52X 
train-loads  in.  and  Am.,  575 
train-resist,  tests,  521,  538 
Francis,  Chas..  diagram  by,  8S9 
Pfcc    omnibuses   and    errors   of 

[location,  54 
Frdgfat  and   pass,    locos.,   ^.t'., 

[tire  reps.  ♦149 
Ffeight  can  g.v.  per  mile,  sects. 

[U.  S.  'S^ 

world,  43 

earnings,  ^.r.,thro*  and  local, 

[sect^ns  U.  S.,  •231 

per  head,  do.,  92-4 

tODS  of,  workl,  *43  [U.S.j*i3i 

traffic,  ^.r.,  p.  c  of,  sections^ 

trains,  ^.r.,  no.,  load  and  haul. 

PJ.  S.  sections,  '97 
_  load,  98-100 

Fremobt  pass.,  ^700 
Frediets  and  structures.  781 
Pfcyciiiet,  est.  by,  loco,  rail-wear, 

[laa 
FHctioo  and  heat,  journals,  314 
app*B  for  test*g  in  lathe,  9x4 
aa  affected  b?  area,  995 
by  lub'n,  509,  917-^ 
by  press.,  504-5.  9»7-9 
by  tempore,  •505 
by  coel.  fric,  time,  ^290 
by  velocity.  989, 9x3 
bath  lnb*a,  509, 918 
bnkea,  f.r.,  a  v.,  494 
brake-choes  and  wheels,  ^990 
car-wheels,  989 
driving-wheels,  435 
kioo.,  f.r.,  •599  -f  A 
Morin  s  ezp'ta,  503 
of  rest,  990 

rotative,  wheel  on  rail,  sqz 
skidded  wheels,  ^990 
ilide-valve,  539 
ttarting,  ^.v.,  9x9 
stationary  eng..  *f 31 
Frictioa-grip  r'y.  origin,  etc.,  691 
Frogs,  acciaents  from,  '946 

and  switches,  cost,   various 

[roads,  *t2o 

Frost  and  broken  rails,  956     [^409 

Fry,  Howard,  and  W.  S.  engines. 

on  Bnglish  coal  coosump.,  133 

Fuel,  consumption  of,  139 

as   affected   iby  comp'd 

,    ,        ^[«WmX35 
train-length,  *Z36 

due  to  head  resisL,  $30  — 

English    and  Am.,  why 
[diff.,  134 

per  mile,  '^s^g 
cost  of,  139 

as  affected  by  curv.,  3x3 
distance,  199 
radius  of  curve,  639 
rise  and  fall,  37s 
temperature,  3x4 
wt.  of  engine,  563 
wt.  trains,  568 
work  done  by  eng.,  376 
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Ftod,  COM  tA~-C9niinu€d, 

CMues  of  Tariatioo,  158 
C^  B.  &  Q.,  tendency  on, 
pcrtoo-ailc,  ^147        [157 
Chicmgo  rdt.,  *s74-6 
•ections.  U.  S..  *i7o-6 
tnmk  linet,  *x79-6 
•joctod  from  tmoke-Atack,  449 
OHt  aniu  in,  '450 
bigli  and  low  speeds,  599 
percar*mile,  P.  R.  R..  •140 
H.  P.,  actual,  '460 
■tationary  engines,  531 
theoretical,  '460 
train-mile  P.  R.  R.  lbs., 
coat,  *X40  [*X40 

rate  of  combustion,  449 
terminal  wastage  of,  soo 
wastage  of,  by  olast,  449 
wood  as,  X39 

amL  burned  P.  &  R.,  *soo 
Tkraitare,  U.  S.  value,  ^95 
Pteniture  car,  C.  &  N.  W.,  •490 
FMbtc  growth,  f.v.,  of  traffic, 

[est'g,  94 
not  to  be  est*d  far  ahead,79 

|L  value  of,  33a 

Galtoo,  D..  eap'ts  on  brakes,  390, 
Gauge,  def 'n,  984  [434-5.  495 

and  cunre  resist,  305 

[751 
narrow,  q.v,^  |>ro8  and  cons, 

tight,  efFect  on  wheels,  983 

General  and  su'n  expenses,  xt8, 

[178 

aa  affected  bv  distance,  906 

considerable  diff*s,  910 

no.  trains,  568 

of  car  repairs,  160 

of  loc  repairs,  '*i45-7 

Gcoeral  officers  and  clerks,  cost, 

[Chicago  r*ds,  *x74-6 

sections,  IT.  S.,  *i7o-6 

trunk  lines.  *i79-6  [lence.  839 

Geometric  and  commercM  excel- 

diagrams,  eaagg'd,  387 

Georgetown,  spiral  at,  680  -|- 

Gtorgia,    align*t    sutist.,    '964; 

area,  pop^n,  sidings,  p.c.  op^. 

ezp.,   earnings   per   mile    and 

bead,  ^90;  wodth  per  cap,  *36 

Gcori^  rV,  align *t  sutist.,  '964 

miles  Md  earnings,  ^7x9 

pile-driver  car,  '490 

Germany,  align't  statist.,  ^965 

axle-boxes  in,  ^15 

coal  consumption  per  m.,  135 

growth  r*y  system,  44 

K>coa.,  life  01,  '^19 

no.  and  work  of,  *  160 

high  steam-press.,  ^519 

popul%    r*ys,    wealth,    etc., 

[•37.  Na.  ^45 
rolling-stock,  traffic,  etc.,  '43 
Giori  r*y  grade,  ^699 
Gondola  cars,  dimens.,  etc.,  ^486-7 
'Good  times*   and    r'y   constr., 

[761  & 
Gothard  r'y,  condensed    profile, 

[698-9 
Governing  points  for  grade-lines, 

[675 
Grading,  p.  c.  cost  to  total,  *7C7, 
filling  by  train,  773, 806    [•833 
cost  of,  vs.  rail-sections,  749 


Grades 

Grade-contour,  def.,  874 

examples,  678,  684,  888 
horiz*l  approx.  to,  error, 

[877 
use  in  projecting,  890 

Grade-crossings  and  curve  limits, 

[65s 

AND     INTSKLOCKING, 

old  lines,  809-3 
laws  as  to,  819 
Grades,  accidents  on,  049 
and  fluctuating  vel.,  346 
and  rise  and  f.,  distinct.,  397-9 
asst.  eng.,  7. v.,   laying  out, 
..      [596,600 
bad  not  aiwa3rs  cheapest,  583 
balance  of,  for  asst.  engs.,  591 
for  unequal  traffic,  608 
diff .  for  each  class  traff ., 
example,  6x7  [617 

errors  in  computing,  611 
practical  consid*ns,  61  x 

TABLE     POR      ALL     CON- 

[ditions,  61 9 
breaks  of,  measure  cost  rise 

[and  f.,  384 
bunched,  585  -f ,  618 

(.S>#  Asst.  Engines.) 
changes  in,  comp.  effect  with 
[diff.  locos.,  555 
choice  of,  659 

GBNBRAL  KULB  POR,  66o 

comparison    of    pusher    and 

[uniform,  604  -f 

cost  of,  560 

as  aff*d  by  IVth  division,  573 

cheap  pass,  traffic,  580 

conclusions  as  to.  573 

diff.  for  throuffh  and  pusher 

fgr.,  ex.,  674- 

due  to  work  not  done,  589 

interest  charge  on  new  Iocs. , 

[570 
per  daily  train  and  ton-m., 

[compar'n,  '574 

French  est.,  *576 

German  est.,  576 

VALUE     OP    AVOIDING     IN- 
[CREASB,  574 

Je/acto^  def*n,  543.  515 
descending,     when      brakes 
[needed,  371 
disadvantages  not  visible,  949 
effect  on  loc.  and  car  repairs, 

i;*903 
on  net  train-Id.,  diag., 

[55a 
on  train-load,  536 

estimating  by  eye,  844  •\- 

fixing  rates  of,  893 

and  inundations,  783 

high,  causes  favoring.  671 
expedients  for  red'g,  675 
great  inclines  of  world, 
[•698-9,  •too 
handling  trains  on.  difx*y, 
p.  c.  wt.  eng.  on,  669 
rel.  train-l'ds  on,  ♦669 
speed  on,  369 

how  expressed,  537 
in  Enfi^land,  538 

humps  in,  dan^^erous.  367 

hydraulic  grade  line,  635 

improving,  and  more  traffic, 
[comp.  value,  119  j 
double  track,  806  j 


Grades 

Grades— C(9ii/<i*«#</. 

improving,  loco.  g.v.  de^gn 
[an  obstacle,  478  — 
on  old  lines,  788 
inherent  objections  to,  398 
irregular,  effect  on  pass.  tr*ns, 

length  of,  effect  on  virt.  pro- 

[file.  704 

I>er  sta.,  horiz.  and  along 

[slope,  •34X 

level,  hardly  exist,  ssx 

limit*g  efTt,  and  rail-wear,  37a 

locating,  field-work  for,  865  -P 

selecting  rate,  675 
long,  errors  as  to,  399 

longest  in  the  world,  995 
switchbacks  for,  943 
loss  of  wt.  on,  539 
low,  adapting  to  topog*y,  665 
compeos^  for  curves,  690, 
projecting,  660  [ass- 

reducing,  66^ 
wrong  use  of,  671 
momentum,  def.  and  ex.,  344 
motion  of  trains  on.  349  -|- 
objections  to.  two  distinct,  337 
of  repose,  deif.,  34  x 
table,  •ssS 
French.  •529 
pass.,  all  speeds,  ^579 
last  car  in  sags,  369 
one  p.c,  effect,  changes  in,  on 
[loco,  mileage,  '557 
past,  locos,  aff'd  little,  479 

PBR   CENT   CHANGE    NET    LOAD 
[due  TO  CHANGES,  554-7 

projecting,  890 

descent  ag*st  valley  slope^ 

GENERAL  RULE  FOR,  66o 

lifting  bodily,  899 
long  g*s  dangerous,  893 
over  streams,  803 
■electing  rate,  075 
shallow  cuts  bad,  X96,  893. 
prop'n  traffic  affected  by,  570 
rate  of,  as  aff'd  by  care,  659 
and  light  rys.,  758 
effect  on  cost,  minor  de- 
[uils,  58X 
fitting  to  ground,  ex.,  67O' 
improving  old  lines,  785 
order  of  importance,  7(m 
projecting,  893 
p.  c.  wt.  eng.  to  train,  all 
[grades,  669. 

PER    MILX    AND    P.     C, 

small  imp*ce  with 

[pushers,  ^587 

RBDVaNG,  BY  LOWER  PASS. 

[speed,  57(^ 
by  more  care,  ex.,  667  & 
relative  imp*ce,  ex.,  395 
net  load  on,  '574 
train-load  for  all,  *669 
resisunce  of,  536-40 

effect  on  gross  load,  540 

on  net  U>ad,  541 
formulae  for,  540 

gain  by  concentrat'g,  ^587 
ow  determined,  339 
rolling  frict.  adds  to,  ^43 
rising  above  and  below,  diff., 

[367 


9(54 


INDEX, 


Grades 

Grades — Continued. 

ruling,  AND  LIMITS  OF  CURVA- 

[turk,  65a 
effect  on  pass,  trains,  577 
devices  for  reducing,  059 

NATURE  OF  BXPBNSE  FROM, 

pusher  vt.  through,  667 
rule  for  reducing,  665 
60  ft.  and  6^  comb*n,  656 
speed,  slow,  effect,  63a 
stations  on,  788  -}- 

starting,  TO  BLiM.  rxtra  fkic, 

station,  y.r.,  788-^  [51a 

and  pass,  trains,  491 

statistics  of ,  U.  S.,  States,  etc., 

[•a59 

stops,  q.v.^  on,  'sia 

importance  of  (elev.  rys.), 

[•558-9 
■switchback,  947  + 
train-load  on  all,  for  all 
[locs.,  ♦543  4- 
(small  table),  *5Q3 
4iodulating,    q.  v.,    and    im- 
{proving  old  roads,  799 
eliminated  oy  speed,  348 
error  as  to,  339 
little  eff't  on  pass.  t*ns,  59a 
on  light  railways,  755 
safe  limits,  356 
uniform,  hard  to  secute,  586 & 
▼irtual,  q.v,^  and  actual,  diff., 

[M3«  55« 
length  makes  no  diff.,  799 

starting,   ex.  of    compu- 

[tation,  *s59 

Grading,  abandoning  old,  cost,  787 

Grain,  bushels  of,  per  mile  r'yi  *9o 

Northwest  receipts,  728 

Grand  Central  sta.,  N.  Y.,cost,  70 

Grand  Trunk,  capU  and  earnings, 

1*107 
competitive  disadv's,  340 
Grate  area,  loco.,y.v.,  act'l,*407-io 
H.  P.  p.  sq.  ft.,  expt.,  484 

limits  for,  451-3 
wt.  on  drivers,  p.sq.  ft.,  45a 
Gravity,  acceleration  of,  333 

action  on  incl'd  planes,  339,  536 
railway's,  nature  of,  and  ex., 
rail-wear  on,  laa  [691 

tests  of  train  res.,  497         [134 
Great  Britain,  cross>tie  practice, 
curves,  mode  of  design'g,  a66 
curves  not  compens'd,  621 
fastest  trains,  and  Am.,  ^539 
fuel    q.v.    consump.   in,  and 
[U.  S.,  131-3 
cause  of  diff.,  134 
expenses  per  mile  road,  116 
grades,  modes  of  expr'g,  538 
growth  traffic,  q.v.^  131-2 
iocos.,  q.v.^  comp.  safety  on 

[curves.  434 

duty  of,  comp.  with  Am., 

life  of  parts.  ♦419   [*i5Q  & 

maint.  per  year  per  eng.. 

[and  Am.,  *i59 

p.  c.  labor  and  mater  1. 

[*I52  & 

no.  and  work  of,  *i59-6o 
scrap  value,  420 
type  of  wheel-base,  428 
wt.  and    cost,  and  Am., 
error  as  to,  *4i6  [*4ii+ 


Cre-Hau 

Great  ^x\Va:\Vi—Coniinu4d. 
no  grade  crossings,  8x0 


recent  tendency,  116  [*zo5 
rects.  p.  inbab.  pass,  and  fgt., 
switching-mileage  prop'n,  135 
terminals,  ^.f^.^and  tenn.exp., 

{8a7& 
train-mile  cost,  etc.,  *ii6 

Vignoles  on,  187 
wages  In  and  Am.,  *i5x 
Great  £iastern  r*y,  locos.,  cost  and 

{miles  per  yr.,  •isq 
uel  consump.,  ^zjx 
Great  inclines  of  world,  ^^q^ 
Great  North,  ry.,  fastest  trains, 

[•5*9 
locos.,  cost  and  miles  per  yr.. 

Great  So.  &  W.  ry. 

locos.,  cost  new  details,  155 
per  ton,  details.  *4ix 
repairs  in  detail,  *x44r-s 
and  renewals,  146 
many  small  details.  140 
p.c.  labor  and  mat*ls,  *i53 
wt.  and  cost  in  det*l,  *4x6 
motlTe-power  exp.,  ''las 

details,  *Z47 
wages  in  shop,  *i<x 
Great  system  of  r'y,  0.  S.,  '*7i9 
Great  Western  rV,  fastest  trains, 

[•saQ 
locos.,  cost  and  miles  per  yr., 

[•»55t  *«S9 
p.  ton,  deflB,  •iss,  ^ii 

repr.  details,  *x45 

motive -power  exp..  details, 

[♦133,  •147 

traffic  and  fuel  consump.,  *i3z 

Green  river,  fall,  841  [533 

Grossman,  J.,  on  lubrication,  51^ 

Growth  of  r*y  system,  world,  *43 

traffic,  q.v.y  irregular,  85 

bow  to  estimate,  87 

ratio  to  rate  interMt,  85 

to   bb  considbbbd  only 

[fob  3  to  s  vbs.,  80, 85 

in  no.  engs.,  Engl.,  *X45 

of  train-load,  q.v.^  *97-zox 

Guadalajara.  Mex.  Nat.  loc^n  to, 

Guessing,  effect  of,  658  &        [733 

Gulf  States :  area,  pop*n,  eani  gs, 

^p.  m.  and  head,  etc.,  *9x 

fall  rivers  in,  8ti 

gen.  r*y  statistics.  *88 

pass,  and  frt.  haul  and  train* 

[I'd,  etc,  V 

(5>#  South.) 

Gyration,  radius  q.v.  of,  739 

Hachures,  use,  873 
Hackmen  profit  by  bad  location. 
Hammer  blow,  447  [60,  63,  68 

Hand-level,  use  of,  8^8,  847  ['•^^ 
Hannibal  &  St.  J.  align't  statist, 
Harlan  <&  Hoi.  Co.  pass,  car,  *49z 
Haul,   extra,   not  a   bunlen    on 

[traffic,  6z 

pass,  and  freight  C,  C,  C.  & 

[1..  la  yrs.,  834-5 

U.  S.  and  Sutes,  •97,  •115, 

(•3x7  & 
L.  S.  &  M.  S.  do.,  *98 


HauHII 

Hanpt,  H.,  on  asst.  engines,  585 

on  inclined  planes,  944 
Head  resistance  table,  533 

effect  on  fuel,  530  — 
Headway  of  trains,  del.  and  elev. 

[r'ys,  646 
Heat  from  joumal-fric,  q.v.^  314 
Heating  surface,  various  locos., 

[•407-10 

Heat-units  and  temperature  dis- 

in  fuels,  ^450      [tinction,  ^454 

in  steam,  various  press.,   *454 

Heavy  construct* n,  7. v.,  error  in. 

[30  & 
Highways,  errors  resulting  from, 

[835,  850 
examples,  667,  853, 936 
grades  of,  illusions,  844 
old  Mexican  road,  941 
Hiirley  roller  journals,  933 
Hill,  A.  F.,  loco,  test  by,  445 
Hills,  propinq'ty  of,  oc.  illu'n.  846 
Holland,  align *t  statist.,  *«65  [•45 
pop'n,  r  jrs,  wealth,  etc.,  ♦37, 
Hopper  cars,  dimens.,  etc.,  ^486-7 
Honxon,  best  line  lies  beyond,  837 
Hofse<an  benefit  by  bad  loco., 

[60,63,68 
traffic  of  N.  Y.,  •714 
per  inhab't,  ^714 
Hone-power,  cost  ot,  stationary 
definition,  338,  403  [eng.,  •ssi 
effective  and  indic'd,  464 
increases  as  v*,  ^533 
lbs.  steam  per,  loco.,  456  -f 
stat'n'y  eng.,  *53x 
thedret'l,  all  press.,  *46% 
min.,  fuel  per,  469 
per  sq.  ft.  grate,  451,  484 
to  utilize  full  adhesion.  ^45^ 
Horse  r'y,  longest  in  world,  cjo 
Honaes,  U.  S.,  value,  95 

and  r*y  accidents.  358        [6^^ 
Huayacan,  Cuchillode,  «f.4rjLls  ai, 
Hudson,  C.  H.,  loco,  teste  by,  701 
Hudson  river,  ifall,  84X 
ocular  illus*9  on,  848 
water  of,  purity,  ^378 
Huds.  R.  Rd.,  align:nent  statist.. 
level  jgrades  or._3«7  [•»59 

iStt  New  York  C  ft  H.  R.) 
HuL  ocular  illus'n  as  to,  847 


Hydnwlic  grade-line  and  sags,  q. 
HyperbolOocus  of,  404     [r.,  625 

Ice  and  snow,  cost  due  to,  X86 
Idaho :  area,  popu.,  sidings,  p.  c. 
opg.  exp.,  earnings  per  mile  and 
bead,  ^ ;  wealth  pier  cap.,  ^36 
Illegitimate  r*y  enterprises,  1*4 
Illinois :  alignment  statist.,  *a6a ; 
area,  popu.,  sidings,  p.  c.  opg. 
exp.,  earnings  per  mile  and 
b^ul, ''qo 
interiocking  law,  8x4 
water  in,  quality,  ^378 
wealth  per  cap.,  26 
Illinois  Cent.,  alignH  statist,  *86s 
flucts.  in  stock,  ^46 
loco,  old,  wt.  in  det*l,  *4U 
maint.  way  exp.  by  items,  ^xao 
miles  and  eam^gs.  ^719 
o|^.  exp.  and  trains  per  day, 
rates  on,  fall  of,  ^a6       [*i74 
train-Id.  growth,  *iei 
Illusions,  ocular,  f .v^  84a 


k£iL 


INDEX, 
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Imp-Jao 

Impacts,  Uw  of.  561 
laperccptible  slip,  y.r.,  445    [785 
InproTement  of  old  lines,  g.v.^ 
laccptkm  of  i*j  projects  (ch.  i.),  13 
Indiocd  plane,  theoiy  of,  536 
lifting  car  up  by  vel.,  343 
Inclined  planes,  gravity  on,  339 
law  of  motion  on,  339 
passing  summits  by,  689 
pros  and  cons,  686  1*37^ 

Incmstation,  loco.,  7.  v.,amt.  daily, 
Indeterminate  problems,  bad  so- 
lutions of,  7 
India:  locos.,no.  and  work  of,*i59; 
pL  c  of  operating  exp's,  *xio; 
railway  equipt.,  etc.,  ^3  ;  roll- 
ing-stock per  mile.  ^47 
Indtana :  alignment  statist  iD,*36i 
area,  popu.,  sidings,  p.  c.  opg. 
ezp.,   earnings    per  mile  and 
bead,  *9o 
interlocking  law,  813 
wealth,  per  cap.,  36  [*36i 

Indian.,  D.  &  S.,  align't  statist.. 
Indicator  diags.,  exs.,  all  cond'ns, 

.   ..    .,^*"fonrof,459,4674-.[*476 
IndiTiduals,  each  a  traffic  unit,  7x5 
Infiemillos.  location  at,  685 
Ingenio  river,  location  in,  675 
Initial  friction,  q.v.y  919  & 
Inspection  of  steel  rails,  q.v.^  neg- 

[iected,  119 

Insurance    cost,    Chicago     r'ds, 

sections,  U.  S.,  •170-6  [*  174-6 

trunk  lines,  •173-6 

Interchange  of  f  rt.  cars,  rates  and 

[conditions,  164 
Intercolonial,  rolling-stock  perm.. 
Interest  charge,  nature  of.  106  [*47 
compound,  tables,  •80-83 
how  affects  location,  17 
on  add'l  locos.,  570,  604 
on  bonds,  p.  c.  of  rev.,  sections 

[U.  S.,  ♦108 
Interlocking,  amt.  used,  England 
and  asst.  eng.,  601  [&  U.  S.,  809 
easy  curves.  655 
grade-crossings,  790,  80a, 
switchbacks,  946         [809 
cabins  for,  size,  809 
cost  of,  810-IX 
Inundations  of  r*y  lines,  783 
Invention  and  engineering,  x 
Iowa:  ali^*t  statistics,  ^363;  area, 
population,  etc.,  90 
fall  rivers  in,  841 
growth  r*ys,  popu.,  eaminsrs, 

r*y  earnings  per  head,  etc.  ,^77, 

A'  .  ^*^ 

sidings,  p.  c.  opg.  exp.,  etc.,  90 

wealth  per  cap.,  •a6 

Iquique  r'y,  Peru,  Fairlie  loc.,*4io 

Irrigating  ditches,  oc.  illus'ns  as 

[to,  847 

Italy,  adhesion  in,  assumed.  443 

locos.,  no.  and  work  of,  •  160 

popu.,  r'ys,  wealth,  etc.,  ♦27, 

^       [*43.  •45 
rolhng-stock,  traffic,  etc.,  *43 
p.  c.  opg.  exp..  •no 
rects.  per  innabt.pass.and  frt., 
Ixtaccihuatl,  mt*n,  937*  [*xo5 

Ja^Bon,  L.  &  S.,  align't  sutistics, 

[•26a 


Jal-Lak 

Jalapa,  highway  v<a,  938 
horse  r'y  to,  930 
line,  description,  973 

low  grades  needed  for,  670 
map,  928 

Mexican  rep*t  on.  930 
profile,  condensed,  698, 70X 
zigzag  devert  on,  678 
Janney  car-coupler,  489 
Jeans,  J.  S.,  table  from,  •159-60 
Jervts,  J.  B.,  invented  loco,  truck, 

[43  X 
Journal,  effect,  size  of,  513,  91a 
M.  C.  B.  st'd,  499 
max.  Tds  on,  513      [tion,  ^204 
bearing,  cost,  and  deprecia- 
roller,  912,923 
weight  of,  ^163 
box,  defects  of  ord^y,  5x0  -|- 

improved,  511 
friction,  509, 917 

as  affected  by  Td,  503,  6xx 
expts.  as  to,  9x3 
app's  for,  914 
normal  am*t,  ^509 
starting,  512  [24  & 

*'Jud|fment,"  danger  of  trusting, 
Junction  points  for  fr't  cars,  166 
Justifiable  expend,  for  future  $x, 
to  save  $1  per  y'r,  ^83       [♦83 
Jura  r'y,  profile,  698 

Kansas:  area.popu.,  sidings,  p.c. 
opg.  exp.,  earnings  per  mile  and 
head,  ♦90;  wealth   per  cap.,  ^36 
Kansas  Pac,  loco,  perf'ce,  '439 
Kentucky,  align't    statist.,  •264; 
area,  popu.,  sidings,  p.  c.  opg. 
exp.,    earnings    per    mile   and 
head,  ^90;  wealth  per  cap,  ^26 
Kentucky  river  bridge,  wt.,  90X 
Kindling  fires.  Ph.  &  R.  cost,  '300 
Kingwood  tunnel,   temp'y    line, 

[♦700 
Labor,    wages,  q.v.^  Amer.  and 

[Eng.,  ♦417 

and  mat  1,  cars,  q.v.y  *i6i-4 

locos.,  ^.z'.,  details,*!  33, 

Eng.,*i33    [*i45.*i5i 

French,  *i47  [19 

Laborer,  useless  work  no  gain  to. 

Lagging  loco.,  ^. v.,  effect  of,  508 

wt.  and  cost,  *4i3  -f- 
Lake  Erie  &  W.,  align't  stat.,*26x 
Lake  Shore  &  M.S. .align't  statist., 
ditching  on,  773  [*26i 

chart  of  financial  record,  33 
exp'ts  on  frt.  speed,  370 
flucts.  in  stock,  ♦46 
freight  car,  reprs.  on,  162 

renewals  separately, *x65 
fuel  tests,  52Q 
loco,  boiler,  life,  *4i9 

water  supply,  ^ao 
miles  and  earn'gs,  ♦7x9 
motive-power,  exp.  dct'ls,*i47 
radiation  tests,  313 
rates,  through  and  way,  E.  & 
[W.  b'd,  226,  X15 
fall  in,  *726 
sidings,  total,  etc.,  ♦Bzs 
statistics  frt.  traff.,  ♦:>8 

pass,  traff.,  ♦98 
ton-mile  rects.,  etc..  ♦115 
track  Buffalo  yd.,  ♦S21 
train-resist,  tests  of,  518,  909 


Lan— Log 

Lancashire  Hl  Y.  loco.  repr.  det'Is, 

[*M5 
Landscape  gardening  and  maint. 

[way,  134 
Landslides,  accidents  from,  ^347 
Lap,  def'n  of,  470  [139 

Launhardt,  est.  by,  loc.  rail  wear, 
Latimer  rerailing  guard,  900 
Latitudes  and  departures, 

use  of.  886         [comput'g.  889 

Latrobe,  B.  H.,  cxpts.  on  adh  s'n, 

[temp'y  lines  by,  445.  700 

Lava,  basaltic,  character,  684  [443 

river  of,  928-32 
La  Veta  Pass,  ^698-9 
Lead,  loco.,  470 

of  freight,  etc.  (5r#  Haul.) 
Leadville,  high  line  to,  695  -f- 
Legal  exp^s,  various  rds.  and  sec- 
[tions  U.  S.,  •170-6 
Lehigh  &  Susq.  loc.  perform.,  ^440 

sharpest  curve,  *3a5 
Lehij^h  Valleyalign'tsutist.,*26o 

Consolidation    loc.    invented 

[on,  278,  433 

loc.  performance,  •^38-40 
Mastodon,  details,  •410 
Id.  on  drivers  per  sq.  ft. 
[grate,  '453 

pass,  car,  st  d,  ^491 

rail-sect'n  and  wh'l  tread,  3x0 

track  Buffalo  y'd,  ^82' 
Level,  hand,  use  of,  838,  847 

line,  guessing  at,  838 

party,  organiz'n,  861,867 

slope,  883 
Levelling  onpreliminar's, 86x,  865 
Lewisb'g  &  Tyrone  align't  statist. , 

£•360 
Lighters,  no.,  N.Y.  term'ls,  •819 
Light  lines  in  difficult  c'try,  30  & 
Light  rails,  q.v,^  and  I't  r'ys,  737 
Light  railways,  737 

and  curvature,  749 

and  dist.  (choosing  route),  723 

and  value  low  grades,  576, 758 

CONCLUSIONS  AS  TO,  76X 

expedient  economies,  748 
rel.  value  of  more  traff.  to,^7i3 
toul  cost,  758  & 
why  do  not  multiply,  737 

Lignite,  H.  U.  in,  ^450  [on.  679-}- 

Lima  &  Oroya  ry.,  developments 
profile,  698-9 

Limiting  curvature,  q.v.^  630 
grades,  q.v.^  536 

Line,  always  easy  to  get  a,  833, 840 
best,  lies  beyond  horizon,  837 
may  survey  a,  but  not  recon., 
no.  of,  to  survey,  ^.r.,834  [835 
worst  errors  in  wrong  sclec'n, 

[833 

{Ste  Route,   Location,  Topogra- 
phy.) 

Line  cars,  def'n,  168 
mileage  of,  168 
relative  cost  reprs.,  •lex 

Link,  coupling,  q.v.^  forces  act- 

[ing  at.  303 

Link-motion,  invention,  etc.,  458 

Liverpool,  sidings  at,  827 
station  exp.  at.  828 

Live-stock.  U.  S.  value,  ^25 

Local  freight,  sidings  for.  ♦83x  -f 

Local  rates,  ^.r.,  constant  ratio 
[to  through,  734-6 
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Locomotive 

Locomotire — Continutd. 

dimensions  of  boiler,  ^407-4x0 
chimney,  *409-io 
driren,  French,  535 
frt,,  Gt.  East.  Ry.,  •xaa 
most  powerful  m  world, 
[•410,  ♦4ax 
pass,  eng ,  477 
Tablbs    op    all  tyfbs, 
[♦407-xo,  •4ax 
various  eng.,  ^270 
earnings  per  year.  Am.  and 


tEng.', 


'«59 


sections,  U.  S.,  *89 
Fairlie,  def .  and  use,  494 

in  Mexico,  933 
frame,   wt.  axid    cost,  **4oo, 

Irt.  Iocs.,  op*g  conditions,  478 
friction  resist.,  ^.r.,  of,  530 
fuel  q.v,  consump.  light,  315 
future     improTHts,     possible 

[effect,  3a8 
handling  locos.,  breaking  in 

[two,  359 
cut-off,  usual,  460 
drawing  fires,   fuel   lost, 
first  in  nrst  out,  141      [109 
heavy  engines  and  break* 

running  backward,  950 
starting  of,  how  done,  797 
switching    Iocs.,   use    as 
[pushers,  79a 
using  heavier  v$,  more, 

[560 
lieight  cent,  of  i[rav.,  %^x 
borse-power      m      practice, 

[•461  + 
computing  do.,  3^8 

Interest   cnarge   on,    due   to 
[grades,  570,  604 

limitations  of,  399  + 
and  grades,  337 
and  boiler,  406 

limits  to  work  of,  399 

mileage  of,  Am.  and  Europ^n, 
[*i43,  *i59-6o 
as  affected  by  age,  ♦418 
C,  B.  &  Q.,  20  years,  157 
exaggerations  in  statist., 
life,  q.v.^  ♦14J        [103,  142 
pass.  max.  N.  Y.  C,  ♦143 
Penna.R.R.  pass,  and  fr't, 
[1886,  ♦^1-84,  ♦140,  *4i8 
U.  S.  sections,  ♦97 
run  in  general  omce,  142 
sp>ecial  performances,  ^419 
switching,     q.v.^     prop'n 
[mileage,  135 

life  of,  ♦143,  NiS-Q,  ♦438 
various  parts,  *4i9 

machinery,  breakages  of,  *247 
cost  new,  *4i2  -|- 
essential  elements  of,  457 
link-motion.  458 
repairs,  *i43 
slide-valve,  fric.  of,  532 
valve-gear,  458 
weights  of,  *4oo,  ♦412  & 

Mastodon  loco,,  423  [553 

cyl.  and  adh.  tract,  power, 
dimensions,  etc.,  ♦410 
increased  use  of,  114 

Mogul  loco.,  def'n,  422 
dimensions,  etc.,  ^408 
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Locomotive— Cm/twaMi/. 

Moj^l  loco.,  max.  w*t,  769 
mouve-power  record,  Penn. 
[R.R.,  X85X-84,  *x4o 
number  of,  various  countries, 

[*x6o 
En8[li8h,  **X48 
per  mile  all  countriet,*43. 


fr*£.V''* 


sections  U.  S.,  *89 

No.  of  separate  pieces  in,  ^4x5 

passenger  1. ,  coal  consumption 

[light,  13a 
grades  affect  litue.  479 
need  much  tract  pT.  407 
power  limited  by  boiler, 

performance     of    Amencan 
[Iocs,  (long  table),  ^438 
Mastodon  loco.,  *4xo 
rail^wear,  q.v..  due  to,  xsa  & 
repairs,  cost  ox,  X39 

as  affected  by  align^t,  **x88 
class  of  engine,  *x46-8 
curvature,  3x3 

radius  of,  641 
distance,  sox 
grade-crossings,  aoa 
length  of  trains,  570 
rise  and  fall,  377 
w't  of  engine,  144, 563 
av.  Chicago  r*ds,  *x74-6 
sections  U.  S.,  *x7o-6 
trunk  lines,  *x7»-o 
cleaning,  X47 
details  by  items,  *x43-9 
deterioration,  causes  for 
[and  rates,  90S-3 
distribution  to  causes,*aa3 

TO  LOCO.  PA1KT4,  X53 

effect  growth  q.v.  traffic 
[on.  X53  ft 
English,  ♦x33 
and  American,  433 

details,  ^144 
fittings,  •143  [x53 

gen'l  exp.  often  not  f nc*d, 

(AV#  Motive  Power.) 

fren.  rep'rs,  freq'cy,  430 
abor  and  mat'al,  Amer. 
[and  foreign,  *  143-5  ft 
Mass.,  etc.^  143 
minor  details  (many),*x49 
painting,  ^143 
pass,  and  fr  t,  *i48 
past  history  of,  C.,  B.  & 

Penna.  R.,  35  yTS,  X40 
p.  c.  in  shop,  V.  R.  R., 

[♦140 

p.  c.  renewals,  •x46-7,*«63 

p.  c.  round-house  rep  rs, 

[♦145-6,  ♦149 

per  year  per  engine,  Am. 

[and  Eng.,  *Z59 

running  gear,  *i43 

shop,  tools,  and  general 

\q.v.  exp.,  153 

tenders,  g.v.^  *i43-6-7 

trucks,  q.v.^  •143         L*X39 

trunk-line  exp.,   34    yVs, 

resistance  of,  av'ge,  •465,  *53o 

experim'ts,  7.7'.,  as  to,  379 

accurate,  difiSc't,  533 
coupled     drivers,     extra 
[for,  534-5 


Locomotive 

Locomotive— C#«i#«fiaMA 

resistance    of,   ift    praetioe, 

_  [•463+ 

bead,  at  Ugh  speed,  ''sas 

error  by  neglecting,  533 

inttmal,  no  tax  on  ad- 

[besioo,  53s 

madi'y  separately,  5*4-5 

PaOBABLB  AMT.,  53!  -4- 

slide-valve  fric,  53s 
true  test  lor  determining, 
numiag  gear,  4ax  [408 

Am.,   distinctive   pecufi- 
[arities,  4S1-5 
comparative    safety    on 

[curvet,  diag.,  433 
coupled    drivers^   extra 

[Inc.,  434-5 
driving-wheel  base,  rou- 

[tion  ol,  487 
foreign,  bard  00  track,  4S5 
hamfliep>Uow,  447 
H.  P.  transmitbie,  45a 
ioiinials,  siaea,  **409 
load  on  driv.  per  so.  It 

[grate,  *459 
•lipping  drivera,  885, 400, 

I797 
tirea,  coat  q.v.  maint.,  3x6 
track,  mechaaicA  ol,  4s6 

weight  and  eoit,  *4X3 -f? 

*4oo 
wheel-baae  kngtba, 

[•w-«o 
wheel-wear,  C.  ft  A.  r*y. 


•witdiiiigi  9*v.^  del.  and  uae, 
no  N.  y.  terminals,  *8xq 
per  cent  of,  sect'ns  U.  S., 


[*x8x 

tank  Iocs,  as  asst.  engs.,  593 
why  advantag*s,  55X,  554 
ten-wheel,  defn,  ^si 

dimensions,  etc.,  ^408 
theoretical  defect,  most  seri- 
three  forces  of,  399     [ous,  339 
deficiency,  now  shown, 

[405 


average  between 


ons, 
53a 


TRACT! va  powaa,  7.  v.,  434 

SUtl( 

53a 

compared    with  single 

[tests,  55X 

all  cyls.  and  drivers,  ^479 

as  modified  by  speed,  346 

by  type  of  eng..  380 

causes  of  fluct^ns  in,  ^440 

comparative,  cylinder  and 

[adh.,«s 

compared     with     boiler 

[power,  453-3 

with  weight,  all  grades, 

[•688 
deficiency,    how   shown, 

[40s 
economy    of     fully  em- 
[pJoyIng,  587 
effect  low  boiler  press., 

[405 
French   practice    aa  to, 

head  resistance,  *53o-8x 
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Locomoti  ve —  Continued, 

tractive  power,  high  speed, 
hor«e-power,  •«9  *ix^ 
imperceptible  slip,  445 
increases  faster  than  fuel 
[burned,  133 
loss  at  speed,  nature  o/, 

[473 

ON    AIX  GRADES  IN    DAILY 
[SSRVICB,  *544  4- 

pass.   and    freight  Iocs., 
[diflf.,  478 
pass.,  needs  much,  407 

P.C.  CHANCB,  FROM  CHANGE 

[in  any  grade,  554-7 

p.  c.  wt.  train  to  wt.  eng., 

[all  grades.  669 

ratio  to  total  wt.  loc.,  *542 

weight  train,  all  grades, 

[-  •S44  +.  •SQS 
speed  reduces,  474 
starting  needs  most,  474 
tank  locos.,  551 
testing  by  fluct'ns  of  vel., 

[79a 
why  great  m  Am.,  42a 

wire-draw'g  reduces,  474 

wt.,  to  increase  10  p.  c, 

trimmings,  wt.  of,  ^400      [401 

TYPES  OF,  defs.,  422 

change  in  most  used,  114 
compar.  cost,  new,  ^565 
effect  grades  on,  55^-7 

weight  of,  all  parts  and  m  t  Is, 
[♦400,  *412  +,  ♦416 
ALL  TYPES,  ♦407-424,  *279 

as  affected  by  low  grades, 

[556 
by  steel  rails,  561 
bv  volume  tramc,  597  & 

boiler,  water  and  steam, 

[♦454 
cost  of  doubling  to  haul 
[same  train,  *567 
details  (full),  *4i2-4-6 
effect  on  cost,  new,  *565 
on  operat'g  exp.,  *56o 
empty    and    in    service, 

[♦407-8 
fast  pass.,  wt.,  etc.,  431 
French  practice,  ^576 
increase  in  recent  years, 
[♦407-10,  ^466 
P.  R.  R.  since  1832,  ♦141 
explanation  of,  4'j8 
of  parts,  constancy  in 

[ratio,  ♦.^oo 
on  drivers  compared  with 
[cyl.  p.,  ♦-io8 
p.   c.  to   train-load,  all 

[grades,  ^669,  *688 
p.   c.  various  materials, 

[Am.  and  Eng.,  ^416 
ratio  to  trac.  power,  ^542 
various  cngs.,*27y,^407-24 
extra  heavy  eng.,  ^421 
parts  of  eng.,  400 
roads.  ♦438 
Long  chords,  diffs."  length,  det'g, 

[♦644 
Long  tangents,  q.v.^  bad  practice 

[as  to.  324 
Long  Isl.  r'y.  loco,  perf  ce,  ^439 
Loop.  ^79        {See  Spiral.) 
Loss  and  damage,  cost,  r'ds  and 
[sections,  U.  S.,  ♦170-6 


Lot-Mai 

Loss  of  time  by  reduc'g  speed, 

[y.v.t  ♦s94-5 
Low  grades,  ^.v.,  and  asst.  eng., 

London  terminals,  cost,  827     [659 

expenses  at,  827-8 

location  of.  72  [^529 

London,  B.  &  S.  C.,  fastest  tram, 

kindling  fires,  ezp*ce,  *aoo 

locos.,  cost  &  ms.  per  yr.,  ^159 

tests,  ^462 

traffic  and  fuel  consump.,  ♦131 

London,  Chat.  &  D.,  fastest  train, 

[*5a9 
London  &  N.  W.,  am't  sid*gs,  827 

fastest  trains,  ^529  [^159 

Iocs.,  cost  and  miles  per  yr., 

repV  details,  ^145 
interlocking  app*s  on,  809 
terminals,  cost,  827 
Louisiana:   area,  pop'n,  sidings, 
p.  c.  opV  exp.,  earnings  per 
mile  and  head,  ^90 ;  wealth  per 
cap.,  ^26 
Louisville,  fall  at,  841 
Louisville  &  N.,  align't  stat.,  ^964 
fluct.  in  stock,  ^46 
maint.  way  exp.  by  items,  *xao 
miles  and  earn*gs,  ^7x9 
op*g  exp.  and  tr  ns pr  day,*i79 
train-Pa,  growth,  ♦loi 
Louisville,  C.  Hi   L.,  miles  and 

[eam*gs,  •719 
Lubricat'n  asaffectM  by  temp.,506 
bath,  eff 'y,  509*  9«8 
minute  diffs.,  effect,  509 
Luchmanier  pass,  grades  at,  ^700 
Lunch  counters  and  curvat.,  649 
Luxemburg  locos.,  no.  and  work 

[of,  ♦160 
Luxury   in   cars,  why  tends   to 

[incr.,  139,  567 
McAlpine,  C.  L.,  on  sharp  curve, 

[3»<5 
Machinery,  loco.,  q,v.^  cost  new, 

[details,  ♦150-5 

reprs.   p.  c.  due  various 

[causes,  ♦203 

minor  details  of , small, 

shop,  maint.  of,  154  [^149 

Macon  &  Br.,  align't  statist.,  *2(^ 

loco,  perform.,  ^4^8  J[^.v.,  73a 

Mahoning   bch.,  N.  Y.  P.,  &  O., 

handling  trains  on,  791 
Making  time  and  curvature,  968  ft 
Malicious  obstructions,  derailm^ts 

from,  245 
Maine:  area,  popu.,  sidings,  p.  c. 
op*g    ex.,    earnings    per    mile 
and  head,  ^90;  wealth  per  cap., 
♦26  [miles,  ♦181 

Maine   Central,  p.  c.   switching- 
Main  (trunk,  ^.v.),  lines  and  bchs., 

^     [707 -f 
ex.  of  error  in,  928  & 
Maintenance  of  way,  118 
anomalies  in,  127 
as  affected  by  distance,  199 
gauge,  753 
minor  details,  191 
no.  of  trains,  127,  569 
pushing  eng.,  60a 
exps.,  details,   U.  S.  sec- 
[tions,  etc.,  ♦128.  ♦170-6 
freneral  tendency,  117 
iron  rail  era,  items,  ^120 
tru.nk  lines.34  years,^i29 


Mai— Mas 

Maintenance  of  Way— C9«/<««#</. 
exps.,  ratio  to  oiaint.  cars,  etc., 

[♦131 
ratios  of  ,to  each  other, 

[*"7-:3« 
why  constant  pr.  train- 

[mile,  127.  569 

Manchester,  stat'n  exp.  at,  828 

Manhattan     (elevM,    g.v.)     ry., 

[length.  Slops,  etc.,  ^559 

operating  details,  speed,  etc., 

[*559 
stations  on,  and  power  used, 

speed  on  curves,  273         [♦aoi 

Mann  sleeping-cars,  ^491 

Manufacture  of  rails,  xai 

of  transportation,  48,  106 

Manufacturing    regions,    burden 

[traffic  into,  6x8 

heavv  traffic  of,  63 

Mapping  and  project^g  loc'n,  886 

contours  (^.v.),  pro  and  coo 

[874  + 

GOOD  AND  BAD,  eZ..  888 

large  scales,  best,  884 
loose  sheets  always  best.  886 
Maps,  making  mental,  835,  849 
ex.  of  need  for,  85a 
ocular  illusion,  y. v.,  on,  665 
right  use  of,  836-7 
small  scale,  making,  889 

need  for,  665 
use  in  reconnais.  ex.,  934 
Mari<,  G.,  loco,  tests,  464,  470 
Blarine  engines,comp*d,  and  loco., 
coal  per  H.  P.,  ^460  [133 

utmost  economy  of,  469 
Marriotte's  law,  467  [♦ads 

Marquette  H.  &  0.,align*t  statist.. 
Marsh,  Sylvester,  invented  rack 
Marshall  pass.,  *698-9  [r*y,  690 
Marvellous  feat,  sci.  skill,  ^32 
Maryland:  area,  popu.,  sidings,  p. 
c.  op^g  exp.,  earnings  per  mile 
and  head,  ^90;  wealth  per  cap., 

[♦a6 
Mason  loco.,  Am.,  dimens.,  etc., 

[*407 
Id.  on  drivers  persq.  ft. 

[grate,  •45a 
Masonry  and  floods,  781 
cost  of,  75a 
dry,  baid,  898 
estimating,  898 
Mexican,  929 

p.  c.  cost  to  toul,  ^757,  •833 
Massachusetts:  ali^H  statist.,  a59; 
area,  popu.,  sidings,  p.  c.  op*g 
exp.,  earnings,   per    mile   and 

[head,  ^90 
classification  of  through  and 
[local  traffic,  axx 
cost  per  year  per  eng.  and 
fuel,  cost  of,  X30        [car,  *X48 
interlocking  law,  8xs 
loco,  reprs.,  cost,  x^a 
maint.  way  exp.  by  items,  ♦xao 
motive-power  exp.,  det'la.*x47 
ry.  earnings  per  bead,  etc.,  *78 
wealth  per  cap.,  96 
Master  Car-B*ders  Ass^n.  assumed 
[action  on  rail-beads,  307 
Comm.  rep*t  on  heavy  eng., 

['79 
on  interchange  rulea,  166 
rule  for  deprec^n  cars,  *9os 
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MM-Mid 

Mister  Car-B'den  AM*n— C<»«V. 
■laadM  axle,  w't  *486 
joarnal,  •iOQ,  •sij 
6o/)oo   lb.    box-car,  *ix4, 

[♦490 
Nattodoo  loco.,  q.v.s  def.,  433 
introduction  of,  114 
SUterial,  boring  to  test,  868 
cars,  prop^n  to  labor,  *  161-4 
loco.,  f.v.,  rep'rs,   prop,  of, 

[•147 -I- 
prices  of.  Am.  &  Eng.,  %i6 
w*t  and  cost  in  locos.,  %ia-6 
Much  Chunk,  grav.  r'y  at,  69a, 


[945 


Maaritius,  roirg-stock  per  m.,  ^47 
Maximum  and  min.  limits  of  ests., 

[84  & 

Mechanics  of  curve  resist.,  a8x 
of  train  morc't,  331 
tools,  U.  S.  value.  *a5 
Memphis  &  Ch.  alignH  stat.,  *a64 
Mental  perspective,  z 
Merrimaclc  river,  fall,  841 
Metric  curves,  radii,  *a67 

stationing,  a66 
HfFf^***  Cent.  R*7,  descent  from 

'rTepec,67o  + 
into  Ameca  Valley,  68a 
general  route  of,  7a x 
Kmnf  grade  on.  *7oo 
Pacinc  b*ch  of,  736,  670  + 
Reventon  tunnel,  668 
spirals  on,  678, 68a  [731 

Mexican  Nat.  r'y,  gen.  route  of, 
location,  problems  on,  7aa 
long  grades  on,  ^700 
Meiiran  R'y,  curves  on,  336 
error  in  not  going  to  Puebla, 
Fairlie  engines  on ,  ^34       [928 
history  and  descrip  n,  939 
long  grade  of,  ^699 
pronle,  698 

( 5>#  Jalapa  line.)  [65 

Mexican  towns,  ex  of  stations  at, 
Mexico,  Am.  line  to  city  of,  935 
Am.  locos,  in,  433 
plateau  of,  937 

rects.  per  inhab't  pass.  &  frt., 
rolling  slopes  in,  844  [105 

trunk  lines  in,  730 

{.See  Jalapa,  etc.) 
triangular  course  traff.,  616 
Michigan,  align*t  statistics,  *263 
area,  pop  n,  sidings,  p.c.  exp., 
[eam'g  per  m.  and  h'd,  '90 
interlocking  law,  13 
*  rough  country  *  of,  840 
wealth  per  cap.,  *36 
Michigan  Air-L.  align't  stat.,  *363 
Mich.  Cent.  rM,  chart  of  financial 
fall  of  rates  on,  ^736  [record,  34 
floct's  in  stock,  %6 
miles  and  earnings,  *7i9 
tnfiic,  local  and  through,  314 
train-load,   fuel     burned, 
growth  of,  ♦ic»  [*i36 
(5/^  Canada  Southern.) 
Michigan.  Lake,  water  of.  ^378 
Middle  States:  area,  pop'n,  sid- 
ings,   earnings    per     mile 
and  head,  etc..  ^91 
bonds  and  stocks  per  m.,  ^107 
curve  and  grade  statist.,  259 
earnings  per  mile,  *xo7 
distribution  of,  *io8 


Mid-Mit 

Middle  States— C0M//Mir#(/. 

frt.  earn.,  thro*  and  local,  ^331 
gen.  r*y  statist.,  88-90 
growth  r*y  system,  44 
main  results,  oper*n.  ^24 
maint.  way  details,  *i38 
op'g  exp.  and  traffic  details, 

[•170-6 
pass,  and  fr*t  haul  and  train- 
[load,etc.,  ♦97,  ♦317 
p.c.  op'g  expenses.  91 

pass,  and  fr't  traffic,  *i8i 
switching  mileage,  181 
rect*s  per  tnhab.,  pass  and  fr^t, 
rolling-st'k  per  m.,  47    [*zo4-5 
switching  mileage,  x8i 
ton-mile,  rec'ts  and  haul,  *zz5 
train-l'd  and    haul,   fr't   and 
[pass.,  ♦97,  ♦317 
wealth  per  cap.,  26 
Midland  r*y,  fastest  train,  ^529 
locos.,  cost  and  miles  per  yV, 
reprs.  details,  ♦145     [*i59 
motive-power,  exp.,  det'fs, 

[*»33.  •«47 
traffic  and  fuel  cnnsump.,  *x3i 
Milan  r'y,  profile,  698 
Mileage,  constructive,  318        [103 
loco.,    exaggerations    in, 
rate  for  fr't  cars,  164 
Milwaukee  grain  receipts,  728 
Mineral  traffic,  g.v.t  and  balance 

[grades,  614 
dead  wt.  of,  610 
changes  in,  609 
Mines,  U.  S.,  value,  'ss 
Mining    regions,  burden    traffic 

[toward,  63,  618 

Minnesota:  align  t  statist.,  *263; 

area,  popu.,  sidings,  p.c.  op  g 

exp ,    earnings    per   mile   and 

head,  ♦go;  wealth  per  cap.,  ^26 

Minor  dktails  of  align't,  183 

and  drumming  business, 

[192 

cost  of,  as  aff*d  by  ruling 

[grades,  581 

effect  on  amt.  of  surveys, 

[858 
nature    and    importance, 

[185  + 
possible     variations      in, 
[slight,  189 
relative  imp'ce  ex.,  395 
Mississippi:  area,  popu..  sidings, 
p.c.    op'g    exp.,    earnings   per 
mile  and  head,  ^go;  wealth  per 
cap.,  *26  [841 

Mississippi  river,  fall,  and  trios., 
*  points/  rates  to,  218 
steam-engines  on,  '460 
water,  purity.  *378 
Mississippi  valley,  bad  location, 

[^.f.,  in,  656  & 

Missouri:     align't    statist.,    *264; 

area,  ,popu.,  sidings,  p.c.  op'g 

exp.,    earnings   per    mile    and 

head,  *9o;  wealth  per  cap..  26 

Mis.souri,  K.&  T.  loco.  pcrfce.*439 

Missouri  Pacific,  miles  and  earn- 

[ings,  ♦719 
Missouri  river,  fall,  841 

•  points,'  rates  to,  218 
Mistakes,  narrow  margin  for,  28 
Mitchell,    A.,    invented    Consol. 

[cng.,  278,  423 


Mix-Neb 

Mixed  trains,  when  used,  95 
Mobile  &  O.,  align't  statist.,  *364 
"  Moderate"  grades,  7.  v.,  330 
Modern  r'y  corporation,  the,  38 
Modulus  of  elasticity,  def.,  345 
Mogul  loco.,  7.V.,  dimens.,  etc., 
rel.  cost  reprs.,  146      [408 
Momentum  and  curve  comp'n,63i 
defn  as  used,  63a 
grades  (virtual,  ^.r.),def.  and 
[ex.,  344,  70X 
Monarch  sleeping  cars,  *49x 
Monopoly  powers  of  r'ys,  effect 

[of,  32 
Montana:    area,  popu.,   sidings, 
p.  c.  op'g   exp.,   earnings  per 
mile  and  head,  *9o;  wealth  per 
cap.,  *36 
Mont  Cenis  r*y  f  ric.  grip*  690 
loco,  tests,  464 

£rofile,  698 
srlo  disaster.  353       [753 
Mountainous  regions  and  gauge, 
curve  limit  in,  635 
valleys  q.v.  penetrate 
[into,  586 
Mountains,  slopes  of,  why  eye  ex- 

[aggerates,  845 
propin'q'ty  of,  oc.  illu'n,  846 
Mount  St.  Klias,  ht.,  027 
Mount  Washington  r  y,  first  rack 

[r.,  600 
Moon,  why  large  on  horizon,  845 
Moral  effect  of  curvature,  376 
of  distance,  339 
of  good  maint.  way,  134 
of  large  traffic,  55-7 
Mordecai,  G.,  table  by,  818      [503 
Morin,  A.,  expts.  on  fric,  q.v.^ 
Morris  &  Essex,  align't  statist., 

[•260 
Morse,  J.  R.,  table  from  paper, 

[*47 
Mortgage  interest  builds  rds.,  36 
Motion,  accel'd  and  retard.,  laws. 

[33»  & 
Motive-power,  cost,  U.S.  r'ds  and 

[sects.,  •170-6 
by  items,  •147 
English,  ^148 
general  exp.  for  {see  I<oco.), 

1*147  & 
Mud  and  incrustation,  *378     ['37 
Mulball,  Diet.  Statis.,  table  from, 
Murders  and  r'y  accidents,  257 
Narrow-gauge.  751 
and  cross-ties,  779 
curves  q.v.  on,  326 
curve  resist,  on,  305-6 
in  Colorado.  694 
in  mountainous  regions.  753 
locos.,  comp.  cost,*564-5 

Consolid.  engs.,  281 
origin  of.  424 

useful  effect  on  carconstruc* 

[tion,  485 
Nashua  &  Lowell,  p.c.  switchine- 

[miles,  *i8x 

Nashville,  Chat.  &  St.  L.,  miles 

and  earnings,  *7i9 

*  Natural  gift '  for  location,  q.v.. 

Nature,  working  with,  589  [22 

Nebraska:  area,  popu.,    sidings, 

p.   c.  op'g   exp.,  earnings   per 

mile  and  head,  ^90;  wealth  per 

cap.,  *26 
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Nec— New 

Necessary  traffic,  q.v.^  very  little, 

[52 
Nesquehoniog     valley,     switch- 

[back,  945 
Netherlands,  locos.,  no.  and  work 

[of.  ♦160 
Net  revenue,  q.v.^  sections,  U.  S., 

♦93-4  & 
Nevada:  area,  popu.,  sidings,  p.  c. 
op'g  exp.,  earnings  per    mile 
and  head,  ^90 ;  wealth  per  cap., 
*a6  • 

Newton,  first  law  of  motion,  341 
r*y  train,  best  ex..  34a 
New  England  Sutes,  alijgnment 

t statistics,  *a59 
:  per  mile,  *i07 
earnings  per  mile,  *io7 

distrioution  of,  *io8 
frt.,  through  and  local,  *a3X 
general  r*y  statistics,  *88,  ^90 
haul,  train-load,  etc.,  ^97 
growth  r'y  system,  ^44 
main  results  op'n,  '93 
maiat.  way  exp.,  details,  *ia8 
op*g  exp.  and  traffic  deuils, 

p.  c.  pass,  and  frt.  tramc.  'iSi 
p.  c.  switching  mileage,  *x8i 
rec'ts  per   innab.   pass,   and 

[frt.,  •104-5 
rolling-stock  per  mile,  ^7 
ton-mile  rec*ts  and  haul,  •its 
train-load  and   haul,  frt.  and 
wealth  per  cap.«  36  [pass.,  *ai7 
New  Hampshire,  wealth  per  cap., 

[•a6 

New  Jersey:  align *t  statist.,  ^359 ; 

area,     popu.,     sidings,     p.    c. 

op^g   exp.,  earnings  per   mile 

and  heaa,  *9o;  wealth  per  cap., 

•36 

*  rough  country  '  of,  840 

New  Mexico:  area,  popu.,  sidings, 

p.  c.   op*g   exp.,  earnings  per 

mile  and  nead,  *9o;  wealth  per 

cap.,  ♦ae  [408 

New  So.  Wales.  Am.  loco.  in,'^3a. 

rolling-stock  per  mile,  *47  - 
New  York  City,  cost  frt.-cartage, 

L830 

elevated  q,v.  rys.,  curves  on, 

I645-7 
Gd.  Cent.  Sta  ,  cost,  70    [♦714 
internal  pass,  traffic,  growth, 
points  near,  rates  to,  319 
pop'n,  growth  of,  •714 
-Smiihvillc  traffic,  718 
terminal  facilities,  cost,  70, 818 

rates  at,  319 
train  speeds  from,  648-50 
New  York  State,  align't  statistics, 
♦250;  area,  popu..  sidings,  p.  c. 
npV  exp.,  earnings  per  mile  and 
head. '90 
curvature  in,  259 
interlocking  law,  81^        r*iao 
maint.   way,    exp.  "by  items, 
switching  engines  in,  156 
wealth  per  cap.,  26 
New  York  &  Harlem,  alignment 

[statist.,  *259 
N.  Y.  &  New   Eng.,    alignment 

[statist.,  ♦259 
New  York  Cent.  &  H.  R.,  alitn't 

[statist.,  ♦259 


New  York 

New  York  Cent  &  H.  R.— O^mV. 
an  ex.  01  long  line  prosperiDg, 

[840 
asst.  engs.  on  Hudson  R.,  591 
construction  acct.,  items,  *j\ 
cars,  box,  wt.  of,  detMs,  *i<n 
distance  and   through  traffic 

[of,  340 
negative  val.  on,  334 
fastest  trains,  *539 

loss  by  stops  to,  595 
flucts.  in  stock,  ^46 
formation  unforeseen,  707  [734 

HISTORY  AND  SUCCB8S  OP,  707, 

level  grades  on,  H.  R.,  3S7 
Iocs,  cost  and  miles  per  yr.. 

reprs.  by  items.  '*i43  [*i59 
p.c.  labor  and  mat  1,*Z53 
maint.   way  and  roll,  stock 
[exp.  comp.  34  jrrs.,  *ia9 
miles  and  earnings,  ^719  [*s7a 
op*g  exp.  and  trains  per  day, 
p.  c.  of,  why  bighf  xxo. 
and  rates,  aso        [735 
op*g  pushers,  H.  R.  dW.,  79s 
pass,  trains,  longest,  596 
rail  section,  307 
rail-wear  on.  pass,  and  frt,  561 
rates  on,  fall  of,  *796 

and  Mex.  r*y,  993        [aso 

effect  on  p.  c.  op*g  exp., 
sharpest  curve  on,  336 
sidings,  toul,  *8a5 

Buffalo  y^d,  8ai 
terminal  exp.,  etc.,  N.  Y.,*8x9 
train-Id.,  frt.  and  past.,  *ax7 

growth  of,  •too 
train-mile  cost,  *xx6 
train-resist,  tests,  <z8 
New  York,  Chic.  &  St. L., 
sidings,  Buffalo  yard,  *8sx 

elsewhere,  835 
New  York,  L.  Brie  &  W.,  a1lgn*t 

[statist.,  *S59 
Carres  Rock  disaster,  355 
connections,   relations   with, 

[sax,  799 
curve  compens  n  on,  oax 
distance,  value  of,  to,  aaz 
dynamom.  tests,  50X 
financial  status,  41, 739 
flucu.  in  stock,  ^6 
freight  time-table  on,  zoa 
grades,  balance  of,  618 

60  ft.  and  6*  comb*D,  656 
inundations  on,  783 
location  of  heavy  grades,  585 
locos,  cost  and  miles  per  yr., 

tests  of  (Z.  C),  ♦437  [•«59 
loss  traffic  from  curves.  375 
maint.  way  and  rolling-stock 
[exp.  34  v'rs,  •ia9 
miles  and  earnings.  *7XQ 
op'g  exp.  and  traffic  detMs,*x7a 

p.  c.  of,  comparison,  xxo 
pass,  pushers  on,  595 
rates,  fall  of,  ♦726 
rates  on  and  Mex.  r'y.  923 

and  N.  Y.,  P.  &  O.,  331 
sharp  curves  on,  278.  326 
sidings,  total,  etc..  *825 
tcrm'l  exp.,  etc.,  N.  Y.,  •8x9 
tires,  cost  m'ni'g,  316 
ton-mile  rec'ts,  etc.,  *ix5 
track.  Buffalo  y'd,  ♦821 
train-load,  Irt.  and  pass.,  ^317 


New— Nor 

New  York,  L.  Erie  &  W.— CV«V. 
train-load,  growth  of,  *ioo 
train-mile,  cost,  *ix6 
wheel-wear,  statistics,  ^317 
why  has  poor  connect*ns,  730 
New  York,  N.  H.  &  H.,  fastest 

[train,  •529 

flucts.  in  stock,  *46 

locos,  cost  and  duty,  ^159 

sharpest  curve,  •335  ['si? 

train-load,  frt.  and  pass.. 

New  York,  Ont.    &   W.,    term'l 

[exp.,  etc.,  N.  Y.,  •819 

New  York,  Penaa.  &  O.,  align't 

[sutist.,  *a6x 
bad  location  of,  333 
bridge  vibration  tests,  447 
handling  trains  on,  791 
locat*n  at  Springf*d,0.,  56 
Mahoning  B*ch,  733 
op^g  exp.  and  trains  per 
[day,  •173 
p.  c.  switching- miles,  *i8x 
rail-wear  tests  on,  394 
strategic  disadvanuge  of, 

[aaa 
traio-load.  frt.  and  pass., 

[♦ax7 

why  a  bad  property,  a» 

New  York-Phila.,    etc..     tramc, 

[and  disL,  939.  709  + 

New  Zealand,  rolling-stock  per 

[mile.  *47 
Niagara  cantil.  bridge,  w*t,  eto., 

[903 
Niagan  river,  discharge,  841 

fall,  84X  [695-6 

Nigger>hill,     develop*t    around. 
Non-competitive  traffic  and  good 

[facilities,  58 
and  resuuranta,  74 
comparative  rates,  58 
effect  distance  on,  313 
true  classifications  of , a  la 
Norfolk  ft  Wn.,Consol.  loco,  tests, 

[etc.,  431 
North  British  r*y,  locoa.,  coat  and 
[miles  per  yr.,  *i59 
North  Carolina:   align*t  sutists., 
*a63 ;  area,  popu.,  sidings,  p.  c. 
op^g  exp.,  earnings  per  mile  and 
head,*9o;  wealth  per  cap.,  *36 
North  Central  Sutes:  alignment 
statist.,  *a68:  area,  popu.,  earn- 
ings per  mile  and  bead,  etc., 
•91  [•259 

curve  and  grade  staust., 
fall  rivers  in,  841 
freight  earn.,   thro*   and 
[local,  *a3i 

En.  r^  sutisL.  88,  91 
ul  and  train-l*d,  etc.,  '97 
no.  pass,  trains,  ^ 
op'g  exp.  and  traffic  det'ls, 

[•X70-6 
p.  c.  paM.  and  frt.  traffic, 

[♦x8x 

switching-mileage.  *x8x 

ton-mile  rec*tt  and  haul, 

[•xi5 

train-load  and  haul,  fn. 

^  [and  paM.,  *ai7 

North-Bastem  r*y,  locoa.  cost  and 

nnilea  peryV,  •!« 

Northern   Pacific  r*y,   flncta.  in 

[stock,  %# 
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Nor-Ope 

■oitbcro  Pacific  x'y—C^ntinutd. 
beavf  can  on,  485 
loco,  dimcnt.,  etc.,  553, 407 

tests  on,  551 
Xoommdx^  ^700 
Marthem  r*y  (France),  impercept. 

[slip  letu,  445 
Northwestern  grain  receipts,  738 
Northwestern  States:  area,  pop* 
nlatloo,  earnings  per  mile  and 
1,  etc.,  *oi;  general  r'y  stat- 
•88  L*i28 

nwinL  way  exp.  deiails. 
and  frt.,  haul  and 
[train-load,  etc.,  *q7 
(See  Western.) 
,  align't  sutist.,  *a65 
s.  no.  and  work  of,  *i6o 
performance  of,  ^439 
poon.,  r*ys.  wealth,  etc.,  ^37, 
rolling-stock,  *a3        [*^ 
Mouh,  Ioo».,  q.v.^  deTn,  797 


43.  '45 


O  =  ««  'A  87s 
Obelisk,  ex.  of  natural,  684 
Obliquity  of  traction  and   curve 

[resist.,  301  + 
Obstmctioos,  accidents  from,*a47 
Ooriar  illusions,  84a 
aa  to  quantities,  849 
broken  back  curres,  871 
^chief  danger  from.  853 
distance  on  maps.  665,  859 
examples  of,  680, 846  & 
grades  in  fax  country,  661 
Siarp  ridges,  668 
ateep  slopes,  ex.,  684 
Odometer,  use  of,  838 
OAcc  location,  evils  of,  880  — 
Offsets,  eye  exaggerates,  843  + 
for  transition   q,v,  curves, 

869+.  684 
Ohio:  alignment  statist,  in,  *36i; 
area,  popu..  sidings,  p.  c.  op*g 
exp.,   earnings  per  mile  and 
bead,  *9o 
interlocking  law,  813 
'rough  country*  of,  840 
wealth  per  cap.,  36 
Ohio  &  M.,  align*t  sutist.,  ^361  + 

train-Id.,  growth,  *ioi 
Ohio  river,  &  tribs.,  fall,  841 
Oil  and  waste,  cost,  *X47,  *  170-9 
Oil  excitement  and  rys.,  30 
Old  Colony,  locos.,  cost  and  miles 

[per  jrear.  *i59 
p.  c.  switching-miles,  *i8i 
washouts  on,  78a 
Old  lines  and  oper'g  rules,  791 
improvement  of,  785 

CONCLI»IONS  AS  TO,  8o8 

gaining    double   track, 

[806 
possibilities  as  to,  787 
pushers  on,  788 
sags,  taking  out,  806 
virtual  profile,  798 
usual  errors  in,  787 
oriffin  of,  789 
Open   road    (the   part  between 
stations),   improving    grades 

on,  *8o3 
Operating  ballast  trains.  773 
OrsBATiNG  Expenses  (Cb.  v.),  106 
and  bad  bridge eng.,  3 
as  affected  by  curvature,  313 


Ope— Pap 

operating  Y^xytVMc^— Continued. 

as  affected  by  distance,  *307-8 
no  trains,  568 
radius  of  carves,  638 
rise  and  fall,  375 
train-Id.,  560 

average  amt.,  108  + 

ESTIMATRn  AVERAGE,  l8o  — 

grand  divisions  in,  117 
great  change  in,  107 
p.  c.  Chicago  roads,  •174-6 
English,  ♦79,  •188       1*88 
sees.,  U.  S.,*io8-io,*i7o-6, 
trunk  lines,  *i72-6 
p.  c.  to  exp.,  no  criterion  of 
(management,  X09 
trunk    lines,  q.v.^    cause 
(incr.,  725 
per  mile  road,  English.  ^79 

U.  S.,  •170-^,  *o9  & 
per  ton-mile,  *'*1.^ 
per    train-mile,   English, 
„  ^    ^  1*79,  •X78 

U.  S,,  •170-9 
Operating   heavy    grades,    q.v.. 

[diff'y,  596  + 
Operating  rules  and  ballast  trains, 

,     ..  ,.  f773 

and  impr  t  old  lines,  791.  803 

Operation,  lines  in.  Ste  Old  Lines. 

Optimism  proper  in  loc'n,  833 

Oreffon*  area,  popu.,  sidings,  p.  c. 

op  gexp.,  earnings  per  mile  and 

head,  •90:  wealth  per  cap.,  •afi 

OrizatML  peak  of,  937 

Oroya  r  y,  developments,  679 -|- 

sharpest  curve,  •jas 

profile.  698-9 

train,  q.v.^  911 
Oscillatory  train  q.v.  resist,  <i7, 
Overlaps.  848,  836  [911 

ex.  of,  85a,  854 
Overloading  cars,  accidents  from, 

t*a46 

Pacific  Slates :  area,  pop^n,  earn- 
[ings  p.  m.  and  head,  etc.,  ^91 
bonds  and  stock  p.  m.,  •107 
earnings  per  mile,  ^107 

distribution  of,  ^108 
fuel,  cost  of,  Z36 
frt.  earnings,  thro*  and  local, 
general  r'y  statis.,  88-90  [•331 
growth  r'y  system,  *44 
haul  and  train  Id.,  etc.,  pass, 
[and  frt..  *97,  ♦3x7 
main  results,  op'n,  ^9^ 
maint.  way  exp.,  details,  ^138 
op'g  exp.  and  traffic  details, 

r*i7o-6 

p.  c.  pass,  and  frt.  traffic.  *i8i 

switching  mileage,  •181 
roUinf?  slopei(  in,  844 
rollinf?-stock  per  mile,  ^47 
sidings,  *9i 

train-rd  and  haul,  freight  and 
[pass.,  *97,  *2i7 
ton-mile  rects.  and  haul,  •us 
wealth  per  cap.,  *26 
Painting,  car,  ♦162-4,  *204 
locos.,  •146,  ♦i49-55f  *4»3 
Enfrlish,  144-6 
Palace-car,  inspection  from,  3 
Pan  Handle,  tunnel  on,  340 

KSee  Pittsb.,  C.  &  St.  L.) 
Paper  location,  890 


Pap— Pen 

Paper  location— C^fi/mM/i/. 

best  hard  to  secure,  880 
deficiencies  of,  877 
from  office  chair,  878-8X 
take  off  by  bearings,  893 
use  of,  868 
Parabola,  cubic,  869 
law  of,  387 

not  suitable  for  r*y  curves,  376 
properties  of,  390 
Parallelogram  of  forces,  30a 
Parallel  rules,  best,  887  L*i55«  *4'^ 
Paris  &  Orl.,  cost  locos.,  details, 
per  ton,  details,  •4x1 
repairs,  dfetails,  •145-7 
p.  c.  labor  and  matMs, 
[•153 
wt.  and  cost  in  deuil, 

[*4i6 
Paris,  Lyons  &  M.  r*y  locos.,  repr., 

[details,  *X45 
tests,  464 
Parlor-cars,  dimens.,  etc.,  491 

why  so  freely  used,  567 
Party-wall  laws,  8x4 
Pass,  lowest  usually  best,  858 

ocular  illusions  as  to,  846  & 
Passaic,  sharp  curve  at,  336 
Passenger  and  freight  locos.,  q.v.^ 
[tire  reprs.,  ^149 
cars,  7.  v.,  no.  perm.,  world. 

per  train,  q.v.^  •i34« 
-mile  rates,  q.v.y  Am.  and 

revenue.  q,v.^  per  head,  tj.  S., 
[sections,  •93-4,  xoi  & 

traffic,  a,v.^  pushera,  ex.,  007, 
and  speed,  645  [6x6 

irregular  eff.  of  grades,s77 

LOW         SPEED  KEDIJCBS 

[grades,  578  -f- 
luxury  in,  why  increas*g, 

no.  of  pass.,  world,  43 

on  branches,  734 

p.  c.  of,  sects.,  U.  S.,  •x8i 

third  class,  likely  to  in- 
[creaae,  580 
train-load,  U.  S.,  sects.,  '97 
trains  and  grades,  576,  616  — 

gain  on  grades  by  speed, 

[593 
length  for  diff.  speeds,  593 

longest,  593,  596 
manufacture  pass,  trips, jo 
no.  load  and  haul,  U.  S., 
[secu..  ^97,  ^170-9 
probable  no.  of,  est'g,  95 
trip,  av.  U.  S.  sections,  '97 
Passes,  travel  on,  349 
Payments  per  head  to  r'jrs,  U.  S., 

[•9a-4,  •103& 
Pedestals,  concrete  for,  903 

design  and  est'g,  901 
Peekskiu,  ocular  illusion  at,  848 
Pegram,  G.  H.,  bridge  formulae, 
trestle  formula,  901     [766,  903 
Pennsylvania,  align't  statist.,  •3S9 
area,  pop'n,  sid*gs,  p.  c.  op  g 
exp.,  earn'gs  p.m.  &  h*d,  •90 
curves  on  coal  roads,  378 
gravity  r'ys  in,  693 
wealth  per  capita,  •36 
Penna.  &  N.  Y.  Canal  rd.,  align*: 

[sutist.,  ^360 
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Pennsylvania 

Penna.  Coal  Co.,  Kraviiy  r'y,  693 

Penna.  Co.,  freight  car,  dimens., 

[etc.,  once  and  now,  *486 

Pennsylvania  Rd.,  ulij^n'i  statist., 

bal.  of  traffic  on,  ♦009        [♦260 

capital  account,  items,  ^71 

stock  of  control,  lines.  *7i 

cars,  frt.,  dimens,,  etc.,  once 

[and  now,  *486 

f>ass.  dimens.,  etc.,  *\^\ 
oad.  average,  ♦610 

changes  in,  485 
movement  of  Id,  ♦609 
condensed  profile,  6.^8 
curvature,  takinj^  out,  on.  277 
distances,  N.Y,  to  Pittsb.,»6o9 
dynamometer  tests.  y>\ 
cxpt.  as  t"  curve  slippinj^,  285 
fastest  trains,  ♦^^^ 
llucts.  in  stock,  *4!'i 
fri.   move't,   thro,  and   local, 
[K.  &  W..  35  yrs.,  ♦232 
fuel  burned,  freiRhi.'*i.i5 

pass.,  1.^4 
jjood  cc»ndition,  value  of,  276 
grades,  balance  of.  61 S 

location  for  pushers.  5S5 
Tyr.  &  (.1.  bninch.  •7..M 
hist,  and  cause  of  success.  725 
inuml.itions  on,  7^^ 
local  traffic.  lar|:je  prop'n,  2^5 
locos.,  breakages  in  slartinj;, 

Consol'n,  experience,  *i48 
cost,  now,  (let. Ills. *!  SI  -2-4 

per  ton.  details,  ^41 1 
fast  pass.,  wcij^lil.  etc.,  421 
li-ads   hauled.   Tyr.   br'h. 
niilcaj^'t-  >>f,  14  >  [*44o 

.ill  au'ts,  ■''4I.-', 

runnm;,',  tir-^t   in  first 
loui,  •♦14  '.  ■■■4i> 
repairs,  c>st  of.  u"  "S: 

jifr  year  per  fiij.;.,  *i5  ,» 

by  liivs.,  +I-.1 

general     repairs     on, 
[frcipit'iicy.  42  ■ 

p.  c.  laf)or  anil   ra.ite- 

i rials.  *!«;.? 

Statists,  loco.  Dp'n.iSm  '•  j, 

'1+14- 

wt.  and  cost,  det'ls.  ■*'4i.;  '> 
Ct'n«.«.|.  en;.;.,  ■''4' » 
various  p.irts,  *.}■  /■> 
tank.  wt..  etc..  }.'! 
wt.  I'll  ('.rivers  j-er  s-j.  ft. 
iLirate.  ■"4--.' 
maint.   way  e.xp.  on,    I.■^.  i.-, 

and  rv^ii.-sti^ck.  -w  vrs., 

] ••■■.'.■  y  a^  1-.  !.• .-  vS: 
rv-ilr-  av.i]  <  .ir:i!:i..s.  •71  , 
1:1    '.ivi -:-i\\er     e-;:-.,    details, 

s'ati^:!i  •.,  I  ■   1    ■:».  ■  7  11 
«  p'j;  e.x;-..  .-n.!  ti.i;:;s  ;-cr  dav, 

['1:2 
p.  c.  '  :.  whv  I'.'W.  I :  ..  7^5 
wl  V  ::;■■.'!  .(SIP.l:,  7-"- 
;  lanes   "i  f  .1  Ir  <■.   .!  j 

I  a«is.  I  i:s!:i-r s  1  ii;.    .  .-■ 

rai.-w  I  ar   t'--' ■.    :  i  ,.  .■ ,-.  -,■-■  , 
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Pennsylvania  Kd. — Continued, 
rates  and  p.  c.  opg.  exp.,  aaoft 

fall  in,  726 

ton-mile  reels.,  etc.,  *ii5 
sharpest  curves  on,  *i2s-6 
term  1  cxp.  etc.,  N.  Y.,  *8r9 
tires,  cost  m'ni'g,  316 
track,  best  in  world,  377  + 
traffic,    disprop'n   E.   &   W., 

[etc.,  ♦609 
train-Id.,  frt.  and  pass.,  *2i7 

growth  of,  icx>  -\- 

pass.,  no.  cars  and  fuel, 

1*134,  *595-6 
train-mile  cost,  *\\(i 

w.iges  on,  loc.  shops,  ♦151 

wheel-record  and  brakes,  377 

why  many  branches,  729 

Peoria  jfrain  rec'ls,  728 

Per-diera  rate  for  frt.  cars,  165 

Perkiomen  r'y*  align't  statist.,*26o 

Perote,  Cofre  de,  ht.,  etc.,  927 

Persi>eciive,  mental,  i 

Peruvian  ry's,  profiles  of,  6iy8-o& 

Petcrsburjj.  sharp  curve  at,  320 

Petroleum.  H.  V .  in,  •4S0 

Philadelphia-N.  Y.  tran.,  loss  by 

[dist.,  709 

terminals,  loc'n,  etc.,  of,  68 

train-speed  to,  648-50 

Phila.      Ac     Atl.      City,      alifirn't 

[statist.,  *26o 

Phila.  &  Erie,  alipn't  statist.,  ^260 

cxpts.  as  to  loc.  resist.,  ♦279 

loco,  performance,  ♦440 

rep'rs  by  divs.,  ♦188 

trains  and  fuel  consump.,  ♦i^S 

Phila.   cS:   Kdg.  coal  car,  heavy, 

l*4yo 
coal  consump.  pass.,  134 
fastest  train,  ♦^.'.j 
fuel  tests,  var.  speeds.  528 
kindlinj;  tires  on.  ♦200 
l(jcos.,  cost  new,  ♦152 

fast  pass.,  wt.,  etc.,  ♦421 
fr't,  lieavy,  ♦421 
rcp'r  details.  *\\^ 

and  renewals,  *i45 
tests  of  fast,  473 
maint.    way   and     roll. -stock 
[exp.,  34  yrs.,  ♦129 
by  items,  *i;'o 
pushin^^  serv..  cost,  601 
Piedmont,  yard  at..  f'nS 
Piers,  area.  etc..  N.Y.  term's,  ♦Sig 

brid;^e.  estimating.  8wS 
Pii;-iron,  past  prices  of,  76^^ 
Pi'a -driver  car,  (ia.C,  det'ls,  *490 
Plies,  drivinjij  by  vol.  of  car,  ex., 

(345 
Pile  structures.  770  [47^ 

Piston,  loco.,  y.r-.,  loss  enerpyby, 
Piltsburj,'  A  Ci;nn..  ali{;n't  statist., 

[♦26.3 
Pi'.tsbur;,'.  C.    iS:    St.    L..  aliKfn't 

[statist.,  *26i 
tr.iin-ld.  pri'wth.  *ro-j 
tunnel  \:>\\,  savinir  dist..  240 
Pittsburj;    tSc    Kt.   \V..   riucts.    in 

[stock,  •46 
opj^.  exp.  and  trains  i»cr  day, 

L*i72 
sharpest  curve.  •  ^25 
ton-mile  rates,  etc.,  ♦115 

fall  in,  on.  *72''i 
tr.iin-Id.,  growth,  •icx) 


Pla— Pru 

Planimeter,  use  of,  £.>7 
Plateau  of  Mexico,  descr.,  6ifi 
Platte  CafJon,  697 
Plotting;  cross-sections,  863. 897 
mapping;,   ^.:-..    proper 
[methods,  £35 
Plates.    (5«'^  En(;ravinf!S.) 
Political  econonny  of  cheap  ci^n- 
Xstructiun,  iS.  27 
of  distance,  197 
Pony  truck,   ^.r-.,  mechanics  of. 
Poor,  H.  v..  table  by,  ♦726       [4;: 
Popocatepetl,  mtn.,  92^         [*^>4 
Population,  sections  L .  S.,  73-:!. 
growth  of  la.,  ^77 
Mass..  •78 

U.  S.  *88-9o  fM7 

does  not  help  poor  licev 

large   and   small,   traffic  per 

[head.  •71J 
Law  or  additiuk  to  tkaf- 

[ric.  70S 
per  mile  road,  la.,  '77 
Mass.,  *78 

sections  U.  S.,  'SS^go 
world,  '43 
law  as  to.  720 
per  sq.  m.  &  m.  r'y.  U.  S  .  •?? 
pay'ts  per  head  to  r'ys.  **i, 

1*1=4  it 
r'y  capiul  per  head  U.  S..  'li 
Portable  engines,  cost  &  eil'y.'Kji 
Port  Jervis,  grades  at,  c  19  (•27.  'iS 
Portugal,  pop'n,  r'ys,  wealth,  etc.. 
Postal-cars,  dimens.,  etc..  **,4\ 
Power,  tttatic.  and  dyn.,  392  & 
Practice   does    not    make    Kx'e 

[eng'r.  a:  Ac 
Prairie  ridf^es,  loc'p  over,  '.m  — 
Prairie  States,  bad  loc"n  in.  <;.  31  i 
Preliminary  line,  q.x'.,  8^1-2 

and  contour  maps.  ?7^- 
Prepossessions,  abamlnn't;.  8;(  A: 
Present  worth  of  future  ?i,  Va 

of  future  $1  per  year.  *ii 
Pressure,  loco.,  ^.r-.,  steam.  ?■  r  . 
[effec.  cyl.  in  pract.,  *\'. :  — 
Prismoidal  form'a.  use  and  abi:«e. 

Probabilities,  theory  of.  S64,  s./ 
Profile,  balancing;  quantities  •"/. 

errors  in  layinK*  f;radcs  on,  3.-9 
estimates  from,  8  j:; 
paper  and  actual,  b68,  SSo 
putting  grades  on.  bi^j 
small  scale.  86t-3 
need  for.  6' 5 
Profit  from  r'ys,  conditions  f->r. 

Profit  traffic,  importance  of. ': 
Progress  of  r'y  cons.,  ^m-..  w-^r'i. 

U.  S..  '44  \*\''': 

Projectiles  and  air  resist.,  (i: 
Projecting    asst.      eng.     i;rAtJr« 
low,  ^''6        [bifih,  •-:. 

p-adc-liDes,  675 

location,  g.v.,  S« 
Propellers,  no.  N.  Y.  tcnn*ls.'::> 
Protractor,  best.  FSfi 
Providence  ^EWorc■er.  p.c.  iwiicb- 

[ing-miles.  *if> 
Provision  cars,  dimens..  etc..  V7 
Prussia,  cost  r'ys,  etc.,  '45 

loco.  repr.  details.  *X45 

p.  c.  op  g  exp.,  *iio 
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Pul-Rai 
P«Ikj,  traosmist.  of  power  ar'd, 

[30a 
Posbcr  (aitt.  g.v.  engine)  gnaes^ 

Lprojecting,  666 
PnebU,  error  in  line  to,  928 
Puente  Nacional,  929 
Fnlque  district,  Mexico,  928 
Ybstertial  r>  profile,  698 
Pyimmid,  of  traffic,  7x3,  731 

-jj^nan  titles,  balance  of,  not  exact, 
estimating  (^.v.).  895  [895 

Onarries,  U.  B..  value,  *a5 
Ooeensland,  roirff-st'k  per  m.,  %7 
^}aiocy,  Mass.,  double-truck  car 

[at,  431 

JUck  r*7S,  history,  etc.,  690,  943 

reason  for,  404 
JUdiation  and  fr't  speed,  370 
external,  313,  456,  ^71,  508 
boiler  and  cyiin.,  comp. 
in  yards,  315    [imp'ce,  47s 
winter  and  summer,  5io8 
internal,  315, 471 
Hadios  of  curv.,  ^.r.,  cost,  etc., 
designation,  358-66     [635 
gyration  of  car-wheels,  334 
rails,  739 
nadius-bar,  loco.,  def*n,  etc.,  436 
Jtail  joints,  accidents  from,  ^946 
taiest  form  of,  133 
wear  of  rail  from,  133 
yielding  at,  561 
JiUib,  and  cross-ties,  775  + 
foreign  locos.,  435 
speed.  368, 374 
track  labor,  758 
average  life,  X19  [356 

broken,  accidents  from,  246, 
condition  in  winter  and  sum- 

[mer,  315 
cost  of,  best  is  cheapest,  748 
durability,  ^745 
stiffness,  *74i 
strength,  *743 
elastic  reaction  of,  5x6 
form  of,  J07-8,  738 
'     and  flanee  wear,  317,  639 
liard  and  soft,  X3x 
inspection  of,  X3x  [*i3o 

iron,  cost  of,  various  roads, 
formerly,  X19,  763 
vs.  steel.  1x0,  268,  56X 
light,  and  I't  ry's,  737 
-past  prices  of,  763 
renewals  of,  cost,  U.  S.  sec- 
[tions,  etc.,  ♦ia8,  ♦ito^ 
■spread,  acc*d*ts  from,  *246 
steel,  effect  onop*g  exp.,  *x3o 
revolutionized  mt.  of  way. 
why  better,  X 19  [118 

<«rear  01,  as  affected  by  age  of 

[rails,  396 
curvature.  297-3x9 

radius  of,  639 
grades,  380 
quality.  330 
rise  and  fall,  379 
sand, 380 
speed.  56X 
front  and  back  wheels,  287 
loco,  and  car,  X33,  561-3 
nature  of  wear,  308 
-of  pass  and  frt.  trains,  563 
on  curves,  ^.r.,  293,  319 


Rai— Rec 

Rails — Ccnttnued. 

wear,  as  aff.  by  age  and  form, 

CONCLUSIONS,  304       [396 

diff.  European  &  Am. 

[exp.,  383 

wt.  of,  and  grading,  749    [744 

comp.    durability,    esi*g, 

buying,  strength,  etc..  739 

choice  of  wt.,  738      ['747 

interest  charge  on,  extra, 

vs.  cross  ties,  776       [13  & 

Railway   projects,  inception   of. 

Railways,  acres  in  crops  per  mile, 

all  legitimate  en terpr.,  14  [*9o 

capital,  p.  c.  to  total,  ^37 

of  world,  '37 
construction,  est.  of  future,*4i 
past  progress  of,  ^44  -f- 

COSt,  ♦37,  ♦4J,  *45 

of  world,  progress,  %9 
value,  *35,  ♦27.  ^45 
cost  per  head,  world,  *27 
total,  world,  *4S 
per  mile  English,  ^79 
U.S.,  etc,  *35-7,  *A2-S 
earnings,  q.v.^  per  mile,  *77, 

[♦78  & 
financial  errors  in  projects,  707 
foreclosures,  ^40  [i86 

good  lines  for,  popular  error, 
indirect  wealth  from,  *27 
light,  757 

miles  of,  sections  U.  S.,  *9a-4 
world, 'as,  27,  ♦43-45 
per  head,  world,  *43 
per  sq.  mile.  ^43 
must  go  to  traffic,  53 
profit  on,  conditions  for,  x6 
Rainfall,  amt.  of,  783 
fluct'ns  in,  783 

and  floods,  784  [759 

Raising  and  surfacing  track,  q.v.^ 
Rankine,Prof.,  on  steam  exp^n,469 
Rates,  fixing  of,  19^  -f  & 

as  affected  by  diffs.  dist.,  709 
cartage,  820 
distance,  194  -|-,  733  -f- 
strategic      advantages, 
competitive,  sis      [318,  723  -f 

sum  of  two,  3x8 
division  of,  317 

fractional  per  cents.  •37 
E.  &  W.-bound  C,  C,  C.  &  I., 
L.  S.  &.  M.  S.,  336  [325 
how  fixed  on  through  traffic, 
Mex.  r'y  and  N.Y.  C.,033  ^17 
on  regular  and  occasU  traffic, 
[^.v.,  diff.,  335 
per  pass.-mile.  Am.  &  Eng., 

«59 


per    ton-mile,    g.v..   Am. 


[Eng 
recent  fall  of,  726  ± 
through,  division  of,  219 

LAW  AS    TO    DISTANCE   RB- 
[SULTING  FROM,  219 

and  local,  g.v.y  constant 
(ratio  of,  224-6 
why  based  on  distance,  196 
Receipts   per  head    by  sections, 

[♦103-5,  ♦xisA 
Reconnaissance,  art  of,  831,  2x 
conditions  of  success,  23 
maps,  use  of,  836-7,  934 
rule  for  choosing  grades,  675 
descend 'g  into  valleys,683 


RecRit 

Reconnaissance — Continusd, 
to  be  of  line,  not  area,  835 
worst  errors  orig'te  in,  833 

Refrigerator  cars,  dimens.,  etc., 

[•487 
Renewals,  p.c.  of,  etc.,  frt.  cars, 

\q.v.y  •165  & 

loco.,  f  .r».,  ♦x4S-7  OL         [^359 

Rensselaer  &  Sarat.,  align't  sut.. 

Rental,  pd.  by  fixed  charges,  xo6 

Repose,   grade    q.v,   of;    def'n, 

[34X& 
Rest,  friction  q.v.  of,  930 

Restaurant  and  compet.  traffic,  73 
Retaining  walls,  Colorado,  697 

and  improving  old  lines, 

[809 

indic*g  on  profile  934 
Return  grades,  q.v.^  tot  W  trains, 

[6X3  + 

Retum  tracks,  indep't,  699-4 
Reventon  tunnel,  etc.,  668 
Revenue  and  minor  details,  rel. 

[imp'ce,  397 
effect  of  location  on,  ^8     [^64 

movine    sutions  on, 

more  dist.  on,  ^339 

from  through  traffic,  q.v.^  di- 

[vision  of,  3x8 

increase  of,  bppbct  on  PRorrrs 

[xxx& 

more    important    than 


[low  ex 
pass,  and  frt.,  sections 


Kp.,  XXX 

',  U.  9., 

[etc.,  ♦99-94 
per  bead  by  States,  ^90,  ♦X04 
sections,  U.  S.,  etc.,  ^89 
law  as  to,  7x6-7 
per  mile  road,  see's  U.  S.,  ^89 

Sutes,  U.  S.,  ^90 
small  p.c.  decisive  to  proper- 

[ty,  63,  7S 

THEORY  OP  GROWTH  OP,  708 

Revenue  train  mile,  av.  cost,  *X79 
difficulty  of  est*g,  X03 
Revere  disaster,  354  [♦4x4 

Reverse-lever,  loco.,   f.  r.,   wt., 
Reynolds,  Lieut.,  ascent  to  Ori- 

[zaba,937 
Rhigi  rVand  Mt.  Wash.,  690 
Rhode  island:  area,  popu.,  sid- 
ings, p  c.  oDff.  exp.,  earnings 
per  mile  and  nead,  ^90;  wealth 
per  cap.,  ^36 
Rhode  Island  Loco.  Works,  incr. 


.  ene.  xs  yrs.,  '466 
.  slide-valve,  539 


[wt.  en 
Richardson  bal 
Richelieu  River  disaster,  95^ 
Richmond    ft    Danville,   align^t 

Jsutist.,  ^964 
ignUstatist., 
[♦264 
Ricour,  M.,  est.  value  reducing 

[grades,  ♦stS 
train-resist,  tests,  597 
Ridge  and  valley  lines,  836  ft 

Tow,  loc'g  over,  ex.,  66x  -|- 
Ridffe  line,  eye  fixes  on,  849  4- 
Rigbt  of  way,  folly  of  economiz- 

[ing,  x6,  53 

cost,  N.Y.C  and  Pennau  rds.. 

Rip-rap,  natural,  850  [♦71 

Rise  and  Fall  (Chap.  IX.),  337 

a  minor  detail,  X85 

and  ruling  grades,  distinct., 

f3»7 
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Rise  and  1^^\— Continued. 
as  modified  by  speed,  347 
amount  of,  est'g,  366,  374 
limits  of  choice  narrow, 

{188 
measured  by  no.  breaks, 

[384 
r'ys  and   Sutes,  U.   b., 

[•^59  + 

classes  of,  defs.,  330,  374 

cost  of,  375  [injur's,  385 

concentrated  r.  and  f.  less 

coNCLUsioHs,  383-3 

as  aff*d  by  rate  (grades,  581 

iron  and  steel  rails,  380 

loco,  reprs.,  small  effect 

[on,  •x88 

•  foot  *  of,  defined,  374 
limits  of  classes,  366,  356 

class  A,  365  -h 
class  B,  368 

class  C,  369  [grade,  375-7 

incl's  whole  Tr^ 

under     variour 

conditions,  *37a 

most  impH  to  frt.,  354  -|- 

relative  importance,  185. 3954* 

tags  and  summits,  different 

[effect,  363  Sl 

speed  in,  ^367 

*  train-foot '  of,  58a 

what  constitutes,  ^66    [of,  683 
Rivers,  descending  into  valle]rs 
est*g  fall  of,  840 
grade-lines  over,  89^ 
Road  and  equipt.,  cost,  U.  S..*xo7 
Road-bed  and  track,  cost,  U.  S. 
[sections,  ♦laS,  •71 
cost  as  aff'd  by  rad.  of  curves, 
rise  and  fall,  381    [639 
proper  width  of,  77a 
rel.  cost,  833 
Robinson,  S.  w.,  expts.  on  bridge 

[vibration,  447 
Rochester&Pitts'g,  sidings,  total, 
Buffalo  yd.,  8a I  [*8a5 

Rochester  &  St.  L.,  align*t  statist.. 
Rock,  estimating,  897  [*a59 

indic*g  on  profile,  934 
testing  for,  893 
Rock  cuts^  needless,  867,  868 
shallow,  881 
on  contour  maps,  877 
Rocky  Mountains  &  rough  coun- 
align't  in,  2.  265  [try,  840 

Rocky  points,  decept.  effect,  836, 

[84a  +,  848 
Rod,  extended  by  vel.  of  car,  ex., 

[345 
Ro;;crs  Loco.   W'ks,    catalogue, 

Uaa 
Roller  jour,  bearings,  value,  91a, 

1933 
Rolling  country,  illusions  as  to, 

locating  in,  661        [849-50 

Rolling-friction,   q.v.^  def*n,  493, 

[515 -f- 
as    affected    by   coupled 
[wheels,  534-5 
computing  from   I'ds 

[hauled,  444 
constit.  elements,  505 
effect  like  a  grade,  343 

on  pusher  grades,  597  — 
hiirher  in  winter,  314 
(^■^■t'  Train  Resistance.) 


Rol-Sax 

Rolling-load,  diags.  of,  769 

effect  on  wt.  bridget,  767 
Rolling'Stock,  48^  KSe«  Car,  Loco.) 
per  mile  U.  S.,  ^47 

foreign,  ♦43 
rel.  cost,  833,  71 
trunk  line,  mAint.  exp.  34 
[years,  •ia9 
Rome,  W.  &  Ogd.  align't  statist., 

[•259 
Roof,  car,  cost,  etc.,  ^163,  *ao4 

Rough  country  and  grside  con- 

[tours,  877 

a  relative  term,  840 

errors  in,  843  &       [849-54 

for  foot- travel,  Illusioos, 

two  prelims,  in,  86« 

Roumania,  locot.,  no.  and  work 

[of,  •160 

Round-hottse  reprs.  p.  c,  *i45-6, 

C  M9 
Route,  choice  of,  favored  by  sharp 

[curves,  656 

ONK    GBNKRAL    RULB    FOR, 

[660  & 

easier  with  sharp  curves, 

[698 
to  be  studied  as  a  whole,  665 
Ruling  grades,  7.  v.,  and  minor 

[det'ls,  X85 
'  Running '  at  grades,  804  & 
(See  Virtual  Profile.) 
Running-gear,  cars,  rel.  cost  of, 

[•i6x-4 
p.  c.  due  var*8  caus.,  *ao3 
loco.,  f.v.,  cost  new,  details, 

[•i5o-x-a-4-5 
repairs,  ^144-9 
p.  c.  due  various  causes, 

[aoj 

Russia,  locos.,  no.  &  work  of,  *x6o 

pop*n,  r*y^  wealth,  etc.,  *a7, 

rolling-Stock,  traffic,  etc.,  ^43 

Safety,  as  affec.  by  centrif.  force, 

J  etc.,  300 
es*) 
Safety-guard  for  bridges,  900' 
Sags  and  hydr.  grade-Tine,  6a5 
and  summits,  diff.,  367 

vert,  curves  on,  363 
extreme  example  of,  635 
increase  speed,  366-7,  633 
on  grades  and  levels,  360 
safe,  limits  of,  356 
taking  out  on  old  lines,  806 

TO  OBVIATB  ALL  DANGKR  PROM, 

why  admissible,  633  [363 

example,  633 

{See  Rise  and  Fall.) 
St.  Gothard  r^y*  location  of,  67X 

and  prairie  lines,  est*g  betw*n, 
St.  Louis  grain  rec*u,  738       [858 

terminals  at,  70 

train  speed  to,  6so  [*a<S4 

St.  Louis  &  S.  E.  align't  statist., 
St.  Louis  &  S.F.,  loco,  perform *ce, 

[•438 
St.  Paul,  Minn.  &  Man.,  financial 

[hist'y,  *37-38 
Sand,  effect  on  adhesion,  7. v.,  437 

use  of,  and  rail-wear,  380 
Saving  per  year,  aggregating  Si 

[at  given  dates,  *83  ; 
Saxony,  cost  r'ys,  etc.,  ^45  | 


Sca-Slo 

Scales  of  maps  should  be  larce,  884 

small  scales,  use  of,  665  & 
Scenery,  ex.  of  impH'ce,  678  & 
Schools  and  churches,  U.  S.,  value. 
Science  and  Art,  831  [^25 

Scientific  skill,  marvellous  feat  ol^ 

[93* 
Scott,  Gen.,  route  of,  in  Mex.,  92^ 

Scrap  credits,  loc.amt.  of,  *i46-9r 

cars,  details.  *204       [*4ia 

value  of  rails,  allow *g  for,  12a 

Searles,  W.  H.,  train-r.  formula,^ 

[517 
Section  hands,  limit  to  reduc*n,  19^ 
Sections,  length  of,  ia6 

as  affected  by  curvatVe,  33T 
Selling  price  of  commodities,  how 
Selling  transp'n,  48  -f-    [fixed,  196 

and  whims  of  buyer,  53 
Semmering  ry.  profile,  698 
Sharptville  ry.,  loco,  perf 'ce,  *43& 
Shinn.  W.  P.,j)aper  by,  *7i9 
Shipping,  U.  S.,  value,  *35 
''Shoo-flv"  line,  860 
Shop  and  genU  charjges,  loco.  g.v. 
fmaint.,  'ms,  ♦154 
English,  133 
Short-haul  traffic,  g.v.y  and  conve- 
[nient  depots,  57 
Short  line,  moral  effect  of,  339 
trunk  line,  value  of,  738 
law  as  to,  3x9 
(Set  Distance.) 
Side-hills,  illusions  as  to,  850  &. 
Side-hill  lines,  culverts  on,  851 

prelim,  ests.  of,  897 
Sidings,  amt  at  Boston,  *8s3 
Buffalo,  *8sx 
New  York,  •8x9 
and  trunl^  lino,  law  as  to,  835 
claisct  of,  *83x 
for  pusher  grades,  509 
p.  e.  of,  sections  U.  S.,  *88 
Side-track,  taking,  and  imp*t  old 

nines,  791 
Signal  cabins,  interlocking,  ^.r., 

[sizes,  80^ 
Silver,  in  world,  etc.,  939 
Silver  Plume,  spiral  at,  080  -f- 
Sisth  Ave.  Blev.  ry.  curves,  646 
Skill,  marvellous  feat  of,  93a  |35> 
Slack  in  couplings,  ^.v.,  amt.  of^ 
Burlington  tests  of,  490 
effect  of,  359 

import*ce  ot  eliminat*g,  487  & 
Sleeping-cars,  dimens.,  etc.,  *49i 
sngllsh,  '*49x 
why  BO  freely  used,  567 
sections  in,  *49x 
Slide-valve,  balanced,  53a 
description  of,  457 
friction  of,  53s 

life  of,  430  [^'Vm  •84-6' 

Slipping  of  car-wheels  on  curves,, 
amt.  due  to  flange  press., 
error  as  to,  387  [394. 

vel.  of,  on  curves,  H89 
of  drivers,  146,  797 

and  skill  of  engV,  406 
coefEs.  of  fric,  435 
if  begun,  coatinues.  aSs 
must  not  be  too  easy,  406 
no  fault  in  fet.  cng..  406 
Slope-level,  use  of,  Os        (14a  & 
Slopes,  rate  of,  eye  esaogHmteSp 
smooth,  meanmg  of.  843 
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Sin  i -Spa 

SflBith,  C.  A.,  lac  exptt.  by,  445 

tablet  from,  468 
SMith^ille-N.  T.  traffic,  7x8,  729 

-Joaetburg,  etc..  799 
Soow  and  ice.  accid*t8  trom,  ^247 
coet  aue  to,  126 
ttonna,  as  cause  of  accid*t,  355 
Soft-«teel  rails,  q.v,y  error  as  to, 

[121 
SoiU  layer  of,  and  rough  country, 

[840 
Sooth  America,  Am.  Iocs,  in,  422 

rolling  slopes  in,  844 
South  Australia,  rolling-stock  per 

[mile,  •47 
Sooth  Carolina,  alignm^  sutist., 
<>963;  area,  popa.,  sidings,  p.c. 
of  op*g  cap.,  earnings  per  mile 
and  ond,  %o;  wealth  per  cap., 
•»6 
Soothem  Pacific,  accident  on,  949 
align*t  statisL,  ^265 
long  grade  on,  *7oo 
miles  and  earning,  '719 
Soothem   States,  align*t  statist., 

[♦263 
area,  popu.,  sidings,  p.c.  opg. 
ezp.,  earnings  per  mile  and 
bead,  etc.,  ^91 
bonds  and  stock  per  mile,*  107 
corrature,  etc.,  in,  263 
earnings  f>er  mile,  etc.,  *  107-8 
fall  rivers  in,  841 
fr't.  earn.,  thro.  &  local,  *23x 
genM  ry.  statistics,  *89-9o 

Eowth  rt.  system,  *44 
ul   and   train-load,   etc., 

,      «    [•97,a«7 
main  resulu  op*n,  ^93 
maint.  way  exp.,  deuils,  *i28 
mineral  derert,  effect,  616 
opg.  ezp.  and  traffic  details, 
1*80-93.  *«70-€ 
id  t r  t.   traffic, 
l*i8i 

switching-mileage,  *i8t 
rects.  per  inht.,  pass,  and  fr't, 

[♦104-5 
rolling-stock  per  mile,  '^ 7 
ton-mile  rects.  and  haul,  *ii< 
train-Id.  and  haul,    fr't    and 
fpss^,  *97,  ♦217 
triangular  course  of  traffic,6x5 
wealth  per  cap.,  *26 
Sooth-western  Sutes:  area,  popu., 
sidings,  earnings  per  mile  and 
head  J  etc.,*9i 
freight  earnings,  through  and 

[local,  *23i 

general  r'y  sutist.,  88 
aul  and    train-Id.,  etc.,  ^97, 
main  results  op*n,  '93       1*217 
maint.  way  exp.,  details,  *i38 
op*g  exp.  and  traffic   det'lt. 

[*i7o-6 
p.  c.  pass,  and  fr*t  traffic,  *i8i 

switching-mileage,  *i8i 
rects.  per  innabt.,  pats,  and 

[fr't,  *io4-5 

ton-mile  rects.  and  haul,  *ii5 

train-Id.  and  haul,    fr't    and 

[pas«.  *97,  •217 

Spain,  p.  c.  op'g expenses,  *iio 

popu.,  r'ys,  wealth,  etc.,  *27. 

rolling-stock,  traffic,  etc.,  *43 


p.   c.  pass.  an( 


Spa-Sta 

Spalding,  E.  C,  on  car  rep*rs, 

[161 
Specie  U.  S.,  value,  *25 
Speculative  interest,  nature  of,  29 
Speed  and  adhesion,  435 

and  centr'f  force.  ^270 
and  curvature,  268 

di£f.  much  or  little,648 
very  sharp,  326 
and  curve  resist.,  305 
and  fr't  loc.  cyls.,  474 
and  heavy  grades,  369 
and  pass,  traffic,  645 
corresp'g  to  time  over  393', 

.    ,  t*795 

elevated  r*y  sp.,  648 

effect  on  locos.,  •476  -f-      [579 

TO  RKDUOB    PASS.    GRADES, 

to  reduce  grades,  limft, 

[59a 
extreme  examp.  of,  625 

fluctuations  of,  in   practice, 

1*461 
testibg  locos,  by,  792 

freight,   and   improving   old 

[lines,  804-7 

English,  *i32 

maximum,  368 

safe  assump'sas  to,  371 

tendency  to  high,  369, 488, 

[804 

high,  economy  of,  488 

has  caused  large  boilers, 

[408 

highest,  Engl.  &  Am.,*529 

tendency  to  use  higher, 

[488.  804 

Increased  by  sags,  ^.r.,  366-7 

limits  of  objectionable,  *37i-3 

lowest,  at  summits,  353 

loss  of,  from  stop,  274 

on  max.  grades  slow,  623 

pass,  and  fr't  (also  above),  368 

vel.-head  due  to,  *335 

why  higher  in  Engf'd,  *53o 

Speed-gauge,  injurious  effects  of 

[370 
Sphere,   rolling   of,  and    flange- 

[wear,  308 
Spirals,  classes  of,  679 

def.,  and  advantages,  681 
examples  of,  682-4-6 
St.  Gothard  r'y,  671 
series  of.  684 
typical,  679 
Split  stringers,  etc.,  900 
Sprague,  F.  J.,  tests  on  elev.  r*y, 

Springfield,  O.,  loc'n  N.  Y.,  P.  & 

[O.  at,  56 
Springs,  car,  compression  of,  272 
by  vel.  of  car,  ex..  345 
loco.  wt.  and  cost,  *4ii  -f 
Stable  equilibrium  on  tnicK,  282 
Stage-coach  measures   necessary 

[trav.,  52 
Starting,  effect  slack  on.  490 
effect  to  cut  down  trains,  442 
fric.  q.v,^  journal.  512 
grades  for,  needed,  5x2 

{greatest  trac'n  req'd  for,  474 
ocos.,  how  done.  797 

loco.  breakaf;:es  from,  *4i9 
on  elevated  r'y,  *559 
on  switchback.  947 
pass,  trains,  406 


Sta-8ti 

Starting — Continutd, 

resist,  of,  910. 
{See  Stations,  Stop,  Virtual  Pro- 
file.) 
State  r*ys,  proiecting,  so 
Sution  (100  ft,),  length  on  slopes, 

[•34« 

Stationary  engines,  comp.  econo> 

[my  for  planes,  688 

cost  and  eff'y,  *53z 

loco,  an  equiv*t  for,  492 

Stationery  and  printing,  cost,  U. 

[S.  r'ds  and  sects.,  *i7o-9 

Station,  etc.expenses.  abstract  of, 

as  siffected  by  dist..  206     [zi8 

no.  trains,  568 
Englibh,  828 
Stations,  area,  etc.,  N.  Y.,  *8x9 
asst.  engs.  at,  599 
correcting  (grades  at,  790.801-3 
cost,  N.  Y.  C.  &H.R.,  •71 
curve  compens'n  at,  633 
diffic'ties  in  moving,  786 
elevated  r'y,  ♦559 
effect  on  grade  resist.,  347 
estM    effect   removing   from 
grades  at,  512         [towns,  *64 
and  loco,  design,  475 
and  pass,  tr^s,  491 
growth  of  towns  to,  71 
lar^e,  switch-eng.  as  pushers 
neatness  of,  649  [at,  793 

on  grades,  moving,  802 
on  summits,  and  virt*!  prof., 

[805,807 

Rl'LB  FOR   LOCATING,  63,  791  -f 

virtual  grades  at,  704  791  -f 
Station  supplies,  cost.  ids.  and 
[sects.,  U.  S.,  •170-9 
Stay-bolts,  wt.,  etc.,  in  boilers, 

[•41a 
Steam,   expansive   energy    only 

[used,  457 
lbs.  per  H.  P.,  av.  loc.,  451 

theoretical,  •460         1*454 
wt.  and  heat,  various  press, 
wt.  in  loco.  q.v.  boiler,  *45^ 
Steam-boats,  full  stroke  eng.  for, 

[•460 
Steam-chest  and  boiler  press.  473 
Steam-en  f^ineSfCost  and  eff^cy,*53 
lead  and  lap,  defin..47o 
perfect,  eff^cy  of,  *46o 
Miss'pi  river.  *46o  [^57 

uses  expansive  energy  only, 
working  full  stroke,  *458 
(See  Stationary,  Loco.) 
Steam-pipe,  loco.,  size,  ^409 

wt.  and  cost,  *4i2  -4- 
Steam-ports,  losses  by,  470  -H 
Steam-press,  boiler  and  effective, 

•  .,   ,^°f*>»*'.  •»3a         ^   [*479 
H.  U.  due  to  various,  *45o 

little  effect  on  economy,  473 

theoret.  gain  bv  higher,  *468 

Steam-shovel,  working  with,  cost, 

[etc.,  773 

Steel-rail,  q.v.^  per  cent  of.  sec- 

[lionsU.  S,  *88 

Stephenson,  G.,  and  link-motion, 

[45S 
Steubenville,  O.,  tunnel  at,  240 

Stevens,    A.   J.,  inv.    Mastodoo 

loc.,  433 
Stiffness,  cost  of  and  wt.  rails, 

[739.  '74 « 
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HI. 

Sur-TaK 

lotilion  line,  BM. 

1                SwI-Tan 

1  Svilctaei,  derailing,  Hi 

iluctuatinni  in  pciue,  *tb  lociiinn  line.  BM  j  Swiicbldii,  accidcDis  in.  *nf, 

nature  uf,  19  ni>.Kui:i;euiVE  linen,  S34.  ifio  ilipiiuitrdrircntn.  44'.  ;.' 

|icr  mile  I'y  and  head,  U.  S..  orKanlMiiun  ol  pariy,  S67         I         lermmiil  cbiTKei  fur.  lUtt 


at  Bf^M 


•  -' u... .....  «,u         1 .1^... li  cnpnei,  dctcrip.  ini 

need lesj  work,  8ji-«      |        ai  pmhera.  *ud  [uh.  41) 

[limii.  Am  !        nileaK*  ul>iw»ice  for.'i;'. 


C'-j 


nakc,  3j6: 


eng.  repi..    Siuquehan 
Sweden, 'pi 


c.Bj, 


;  Swiic: 


!  prop  a  of  Ennliih,  tjs 

en,  popiL,  r  ys.  w«llh,  etc..  1  lectiuiit,  V,  S. 

[*>;i.*43.  '*i  I  Swluerland  locoh.,  00.  and  woA 

._. „.  .jIlinE-uovk  and  tTaffic,  *4]  high  loe.  prem.,  •it*  |u(, "i"o 

Tinii.il  pmllli',  ■r.-r'.,  3%a-t    Swlne-moii»n  Iruck,  g.':,  di-ro.  1        pop'n,  r'yj.  wejlib,  cu.,  'n. 

mux.  K'adeii,  eSevt.  faj  :  Switehbicki.  6a4.<)4j  ;  Syiacu* 

piulii:r  Kr.-ulen,  »/  >  aut.  switurm  lai.  iti  I 

-wer  lu«  by.  3'>^  •iij  I  be«  fisRreat  inclmci,^]    Sytacui-.  _.^ 

.me  lost  by.  All,  ;!74.  m  Rermof  true  iilan,  445        I  liiaiiu..  *i>t 

j«.|.-«Meh  anil  1.10.  tiBili,7^  (pjod  Uic'n  for.  ei.,  taa  ■  Sydtme  Richenbach,"  *.« 

St. . ra([« 'lidinV's.  ^. :■..*■■  J 1  Peruvian,  M^  f.'vj  ,'   '       ,  ln 

Sli.rBB.  Uioi..  ^.J-..ci«,  -M?  *        '         !•■  flPirals.  «>  .-4-'.  |        (jreat.of  f.  S..  'jn 
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.W-::.  A.  II ,  A'  Mrx.  Kv.,i)iq     '  Ttuden  ibuilderi'  rule  t-r  v.i 

.i:;i;<iii.  brrakini:  siityiDiU:,  i*j  '  [wciehl.iolbi.ner  calL  aata.' 

{le^ifal';.'  Imdli,  ^14         Ijjo  couof,  new.  'I'l-. 

:  .n;;.  ba.1  [.r.,ctite  ai  tn,  j»i.  dclaila.'itn.T.i-4-i 

•.h.mi  turvei.  ,-.:•..  lenuihtn.  and  wcichti.  'jiin-* 
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Tel-TIr 

r^^^phfCoat  of,  r*d8  and  sect^ns 

[U.  S.,  ^ijo^ 
of  U.  S.,  value,  *35 
offices,,   and     improv^g^   old 

[lines,  803 

ttatioos  and  aast.  eng.«  601 

Temperature  and  H.  U.,  distinc^n, 

and  radiation,  31^  [^454 

changes  of,  in  cylinders,  g.v.^ 

[376 
effect  on  coeff.  fric,  *505 
fuel  consump.,  136-7 
train  resistance,  506 
summer  and  winter,  3x4 
Temporary  lines,  advantages  of, 

[x6,  86,  766 
B.  &  O.,  •700 
ex.  of  proper  use,  977, 654 
for  light  r ys,  750 
sags,  q.v.^  in,  624-5 
ezamp.,  62^-6 
Tennessee:  aligns  sutist.,  *a64; 
area,  popu.,  sidings,  p.  c.  op*g 
ezp.,    earnings   per   mile   and 
bead,  *9o;  wealth  per  cap.,  *a6 
Tennessee  pass.  Col.,  *7oo 
Tepetate,  clefn,  683 
Tepic,  location  at,  67^  + 
Terminals  (Chap.  XXVI.),  818 
allowances     on     rates,   q.v.^ 
and  curvature,  655         [i  56  & 
expenses,  N.  V.,  etc.,  *8z9 

European,  827 
for  light  r'ys,  749 

{food,  imp  ce  of,  768,  68 
ocat'n  and  cost  of,  various 
[cities,  68-70,  818-37 
must  be  near  largest  cities,  737 
rel.  no.  of,  on  trunk  lines,  739 
Terre  Haute  ft  Ind.  loco,  perf  ce, 

[♦438 
Terre  H.  &  S.  B.  align*tsut.,  *36i 
Texas:  area,  pop^n,  sidings,  p.  c. 
opg.  exp.,  earnings  per  mile  and 
bead,  *9o;  wealth  per  cap.,  *36 
Texas  CentM,  aU^*t  suti8t.,*365 
Theis  r'y*  Austria,  est.  for  rates 

[on,  198 
Thompson,  J.  B.,  on  incl.  planes. 

Throttle,  loco.,  f. v.,  effect  of  clos- 

-^        w,       -  [ing,  473& 

'Through  *  traff.,  q.v.^  true  clas- 

effect  dist.  on,  315    [sifn,  six 

rates,  g.v,^   constant  ratio  to 

[local,  334-6 
Thurston,  R.  H^  fric.  tesu  by,  504. 

[918-I- 
Time  in  seconds  and  speed  trains, 

Time,  effect  on  car  and  eng.  reps., 

[♦303 
loss  of  by  reducV  sp*d,  595 
BST*c  iMroirrcB  of,  649 
on  curves,  ^647  -|- 
round  trip  per  day  limit, 

[64g 
of  descent  on  grades,  theory 

[of,  624 

Timetables,  frH,  how  arranfred. 

Tint,  accideou  from,  ^347      [103 
life  of,  430 
mainuof,  *i49  + 
■Uleage  of,  *i49  + 
price.  Am.  and  Eng.,  *4x6 
w'tand  cost,  *4Z3  + 

63 


Tod— Tra 

Todhunter^s  mathU  series,  331 
Toledo  grain  rec*ts,  738 
Ton  (in  this  vol.  sooo  lbs.  or  *  net,* 
[unless  otherwise  stated.) 
Ton*mile,  cost  increasing  grades, 

.    Ce:«i.«  p**"*  •574 

rates,  g.v.^  Am.  6l  Bng.,  *i59 

B.  &  W.,    through    and 

[local,  *az6  & 

through  and  local,  la  y'rs, 

[CT,  C,  C.  ft  I.,  'aaA^s 

15  years,  L.  S.  &  M.  S., 

[♦326 
rec'ts,  exp.,  etc.,  large  uble, 

[♦115  A 
varying  cost  of,  est*g,  198 
Topographer,  frequent  errors  of, 
needs  practice,  885  [884 

outfit  of,  883  [867 

Topographical   party,  organiz'n, 
Topography  (mapping),  873 
colored,  873 

CONCLUSION  AS  TO,  88o 

contours,  a.v.,  873 
dangers  of,  ex.,  881 
double  use  of,  876 
field-sheets  for,  886 
inking  in.  888 
large  scales  best,  884 
plotting,  883 

sh'd  be  taken  in  field,  88s 
taking  topog.,  88  z 

over  areas,  684  & 
use  and  abuse  of,  873 
"  (physical   geography),  adapt*g 
[low  grades  to,  665 
and  bal.  of  grades,  6x4 
and  curve  compens'n,  638 
and  transition  curves,  869 
curvature  bunched,  63a 
curve  limit  may  be  easy,  655 
effect  insuffic^t  study  of,  583 
effect  on  use  of  curves,  635 
fitting  curve  comp*n  to,  *63o 

GBNBRAL  LAW  AS  TO,  586 

law  of,  as  to  changes  of  level. 
in  easy  countnr,  660  [^588 
mountain  foot-hilis,  937 
no  country  difficult,  833,  840 
often  favors  low  grades,  670 
Peruvian,  679 -f- 
rough,  light  lines  in,  833  & 
Tourist    travel,    ex.    of    imp'ce, 

[678  ft 
Tower,  B.,  fric.  tests  by,  504  -}-, 

[9x8 
Towns,  effect  not  running  to,  on 

[rec'ts,  49 
effect    of    removing    station 

[from,  64 
growth  of,  to  stations,  £. v.,  7X 
location  of  stations  at,  '64 
moving  to  r'ys,  66 
often  hard  to  approach,  859 
passing  lines  between  two,  67 
passing,  to  save  dist.,  g.v.^  58 
should  be  entered,  16 

RULE  AS  TO,  63 

Track,  accidents  from,  ^346 

cost  of,  U.  S.  sections,  ♦38,1 
labor,  cost  of,  123  [♦170-6 

relation  to  traffic,  123 
as  aff'd  by  curvature,  331 
min.  limit  to,  109 
not  exactly  as  dist.,  199 
reduction  difficult,  X36 


Traffic 

Track  laAiOT— Continued. 

requirements    for   emer- 

[gencies,  za6 

vs.  heavy  rails,  7^8 

maint*ce,  cost  of,  U.  S.  rds. 

[and  sects.  ,*x  30,*  1 70-6 

as  u[*d  by  no.  of  trains, 

[569 
radius  of  curves,  639 
rise  and  fall,  381 
wt.  locos.,  561 
relatively  to  other  items, 

[833 
Trackmen  flatten  P.  C.*s,  375 
Track- walking,  cost,  136 
Traction,  stores  force  in  train,  34a 
Traction-increaser,  404 
Tractive  force  and  energy,  con- 
[fusion  as  to,  473 
and  H.  P.,  403 
Trade,  universal  law  of,  i;5      [733 
Traffic,  additional,  relative  cost, 
anthracite  west,  609 
disproportion  of,  608 

TABLE    OP    GKAOBS  POR, 

[6X3 

daily  fluctuations,  6x1 
effect  on  curve  limits,  653 
effect     to    change    cost 
[transp'n,  198 
into  cities,  heavy,  6x7 
P.  R.  R.,  35  years,  etc., 

i*333,  *ax6& 
I  W.  trunk 
[lines,  609 
variable  on  same  road, 

estimating,  95-99 
exchanging,  and    narrow-g.. 


I753 

le 


export,  grows  relatively  less, 

[615 

GBOMBTRIC  BFFBCTOP INCRBAS* 

[iNC,  708 

getting  all  there  is.  53 
growth  of,  depends  on  facili- 

[ties,  7x5 
does  not  help  poor  lines. 

[a«7 
effect  on  car  rep*rs,  z6o 
loc.  exp.,  X58 
maint.  way,  133-7 
effect  to  reduce  exp.,  1x4, 

[>53 
law  of  growth,  75 

statistics  of  C.,B.  &  Q.,S57 

C  C,  C.  &  I.,  axo 

C.  A  N.  W.,  35 

English,  •79,  'x: 


>.  &  M. 

Mass..  78 


13X-S 


L.  S. 


S.,*98 


New  York  City,  Vm 

P.  R.    R.,  35   years, 

[•x4o,  ♦333 

sections  U.  S..  *  107-8 

THBORV  OP  GAIN  BY,  708 
TO    BB    CONSIDKRBD     ONLY 
PSR  3  TO  5  YEARS,  80.  85 

when  to  choose  line  for, 

[583 
handling  by  trains,  169 
importance  of  increasing,  X07 
increases  with  facilities,  76 
interpolating  way,  effect,  *7i3 
not  a  monopoly,  53 


978 
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Traf— Train 

Traffic — Continued. 

pass.  p.  c.  local,  through,  etc., 

[♦3x5 

gam  from  many  trains.  q6 

p.  c.  pass,  and  fr*t.  sections 

[U.  S..  ♦181 
prop'n  affecM  by  trades,  576 
regular  and  occas  1  rates,  con- 

[irast,  235 
securing,  the  most  imp't  end, 

slight  diffs.,  great  effect  of, 

through  and  local,  confusion 

[as  to,  axx 
triangular  course  of,  608,  6x5 
true  classification,  aia 
trunk  line,  o  r.,  rules  for,  731 
unequal,  balance  grades,  q.v,^ 

[for,  608 
table  of,  *(>\^ 
volume  of,  and  cable  trac*n, 

I687 
and  long  inclines,  950 

and  wt.  Iocs.,  567 

estimating  probable,  75 

of  world,  •x6o 

statistics  of,  L.  S.  &  M. 

P.  R.  R.,^.p.,  etc.,  ♦333 
Traffic-points,  and  branches,  734 
dist.  betw*D,  efft  00  earn  gs, 

GAIN  BY  MORS,  7o8  [709 

great  and  small,  difl.  in  gr ih. 

Train  accidents,  ^.v.,  causes,  '346 
Train  expenses,  amt.,  133,  *i7o-9 

definition,  xx7 
Train-load,  Am.  and  foreign,  575 
and  fuel  consurop.,  134 
as  afi'd  by  car-coupfings,  566 
disprop.  of  traffic,  xoo 
grades,  q.v.^  536  & 
av*ge  frt.  and  pass,  sections, 
[U.  S.,  ♦2x7,  •97 
and  p.  c.  local,  934 
effect  on  expenses,  560 
fuel  consump.,  *i36 
English  coal  trains,  *X33 

FOR    ALL    GRADES     AND     LOGS., 

(condensed  table),  593 
frt.,  sections,  U.  S.,  *ii5  & 
growth  of,  '97,  •q8,  ♦99.  ♦xoo, 
[♦xoi,  'xss  & 
pass.,  U.  S.  and  States,  *97-8 
does  not  regulate  number 
[trains,  96 
less  with  thin  traffic,  99 

p.    C.    CHANGS  Dl'K   TO  CHANCk 

[grade,  554-7 

p.  c.  to  wt.  eng.,  all  grades, 

[669 
relative,  on  high  grades,  *669 
why  cut  down  in  winter,  508 
Tram-mile,    coal     burned,     135, 

[140  & 
cost,   maint.  way  per,  X'.  S. 
[sections,  •138 
cost  of,  av'ge  u.  S.,  •179  — 
British,  *79,  ♦178 
trunk  lines,  34  yrs.,  ♦129 
how  made  low,  *i8i 
on  lines  of  diff.  grades, 
tendency  in,  116  [583 

unimportance  of,  187 


'5xa.  •5»9 


Trains 

Train-mile — Continutd. 

earn'gt  and  ezp.,  U.  S.  r*dt 
[and  sees.,  *X70-^  '98 
maint.  way,  conitant  per,  137 
ratio  of,  to  eng.  mile,  *i45 
Tsain  rbsistancb,  49a 
air,  £.v.,  amt.,  9x1  & 
at  affected  by  gauge,  753 
temperature.  508  — 
virtual  profile,  f.v.,  346 
axle,  effect  size  of,  5x3 
freight,  496 

CONCLUSIONS,  50a 

main  elements,  pio 
recent  decrease  m,  504, 5x5 
summer  and  winter,  503-6 
grade  of  repose,  q.v.^  deC,  341 
bead  q.v.  resistance,  5*9  — 
locomotive,  a.v.^  530  [9x8 

lubrication,  import,  of,  «oq  +, 
oscillation  anci  coocuss*o,  911 
passenger,  518  + 
starting,  q.v.^  •s 
subdivisions  of,  493 

TABLE  OP  CONCLUSIONS,  *5a4 

tests  as  to,  *4|65,  *498  +1  *909  ft 
velocity  resist.,  493.  5x7-8 
wheel,  effect  sixe  of,  <r3 
Train  rules,  and  imp't  old  lines. 

Trains,  breaking  in  two,  358,  488 
centre  of  gravity  in  tags,  q.v,^ 

I357 
descending  grades,  vel.   of, 

[•37a 
fastest,  Bngl.  and  Am.,  *5a9 
handling  heavy,  easier  here- 

[after,  488 
frt.  speeds  to  be  higher, 

safe  assumptions  as  to, 

on  old  lines,  788  [370 

length  of,  and  vertical  carves, 

[f.«'M  364 
and  crossing  stops,  8xa 
and  curve  comp  n,  634 
effect  on  curve  resist.,  301 
shorter  in  winter,  315 
making  up,  effect  on  loc.  and 
[car  report,  *»o3 
yard-room  for,  *8ax  a 
motion  of,  and  Newton*s  ist 

riaw,  34a 
and  virtual  profile, 


[346 


effect  of  speed,  ^.v.,  on, 

[33> 
no.  of,  cost  increasing,  same 

[traiffic,  568 
effect  on  rev.,  568  [^574 
for  same  traffic,  all  grades, 

VALUE     OP    avoiding     IN- 
[CRBASB,  574 

overturning  by  centrif.  f.,  370 
pass.,  effect  grades  on.  577 

growing  wt.  of,  effect,  491 
reason  for,  567 

wt.  of  fast  tr*ns,  530 
per  day,  alwajrs  means  each 

best  basis  for  est  g,  95 

elev.  r'ys,  646 

Philad'a,69    [♦xa8.  •170-6 

U.  S.  and  States,  etc.,  *97, 1 
rights  of,  774  [increase,  369  , 
speed,  q.v.y  of,  frt.,  tends  to 


Tra— Tru 
Trains— CV«//n«a/. 

wt.  of,  as  affected  by  grail>.A> 

[540  -I-,  ,^9 

long  Uble  of,  '544  1*685 

p.  c.  wt  eng.,  all  grades. 

Train  tuppliet,  cost  of,  rds.  and 

[secu.  U.  S.,  •170-^ 

Train  wages,  q.v.^  x68 

•8  affected  by  distance,  ao6 

length  trains,  568 
cost  of,  Chicago  rds.,  *  174-6 
sections  iT.  S.,  *  170-6 
trunk  lines,  ^x-n-d 
mode  of  fixing,  005 
Transfer  side  tracin,  7.v.,*8ax  [88» 
Transit,  graduating  compass  of 

V*.  compass  lines,  863 
Transition  curves,  869 

examples  of  use,  870  -f-,  684 
projecting,  893 
reasons  for,  37* 
Trmnsit  partv,  organiz'n,  867 
Transit  work,  860  -h 

doing,  bjy  bearings,  888 
TiaaqMrution    expenses,    cost, 
[Chicago  rds.,  *x74-6 
sections  tJ.  S.,  •170-6 
trunk  lines,  •170-6 
manafacture  of,  48 
Trautwine's  pocket-book,  331 
on  kindling  fires,  •aoo 
TfCKk^  iron,  design  of,  900 
ht.,  small  effect  of,  90a 
prelim*ry  est's  of,  900 
wt.  of,  901 
wood,  cost  of,  and  grading, 

l755 
duster  bent,  900 
design  of,  899,  770 
floor  for,  000 
on  light  r'ys,  754 
plaa  for,  770 
proper  use  of,  754*  i^ 
oreiim.  est's  of.  899 
rerailing  guard  for.  000 
Trtengular  coarse  of  traffic,  6x5  -(- 
tri|Mofcars,6o8     [341,  S38-h 
Triangle,  rigfat-angledT  solving, 
TribnisTT  ▼alleys,  f .v.,  good  use 
Trieste  r>,  profile,  698     [for,  68a 
Tnickt»  MCldenta  from,  •346 
Am.  origin  of,  431 
BI«U.4«6-3o 

frL  car,  cost  and  deprec*n,. 
[itjMn8,«x63.*ao4 
dlmens.  and  wt.,  •163,  •486 
loco.,  need  for,  435 

mecaanics  of  rolling,  sBx,  495 
pass,  car,  dimens.,  etc.,  491 
position  taken  on  carve,  98s 
■wing  motion,  objection  to, 

[438 

Trunk  lines  and  branch  unbs, 

bal.  grades  on.  6t8  [707 

comparative  eamingm,  737 

competitive  and  non-comp., 

I718,  793 

CONDmOKS  OP  SUCCESS,  73Z 

carves  on,  loet  tine  bjr,  diSA 
fall  of  rates  on,  so  j'n,  •tm  ± 
good  conditionpays.  vfi 
lenffths  of.  to  CniogD,  sio 
maint.  cars  ex|K,  34  y  Vi,  "isp 
maint.  locos,  ekpu,  347  »■  *i*9 
maint.  way  cxpL,  34  y*n,  Hk^ 
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Tni-Unl 

Tnir«  WntM^C^mtinued.       r*7Z9 
flMtea  and  eamiogs.  14  U.  S., 


m'c  cn».   and  traffic  detMs. 

[•17a 
p   c  opg.   ejcp.,  law  as  to, 

[X09-X0 
effect  ratei  on,  aao 
law  as  to,  Sas 


imL^.v.,  reached  by,  739 
N.  v.,  etc.,  8x8 
ton-mile  rec'ts,  etc.,  *xi5 
traffic,  daily  fluct'ns  in,  6x8 

changes  in,  609 
train4'd  and  growth,  *xoo 
train-mile,  cost,  *xz6 
vae  too  light  rails,  760      [*304 
fr*t-car,  cost  and  depr*n, 
:o.,  ^.v.,  life  of,  *43o 
Tnontia,  spiral,  67X -f,  679, 684, 700 
unnecessary,  34a 
wrong  use  of.  ex.,  667 
Turkey,  pop*n,  rys,  wealth,  etc., 

Tutor,  natural  end  of,  and  culv'u, 

[781 
Tyrone  &  Qearfleld  grades,  *7oo 

Uctllberg  r*y,  impercep.  slip  tesu, 

[445 
Ulscer  A  Del.  allgn't  sutist.,  *3^9 
*  Uncle  Dick  *  coosol'n  loco^w^t, 

[etc.,  431 
Undergrowth,  deceptive  effect  of, 

[836 
from  clearing  up  do.,  850 

Undulating  grades,  q.v.^  &  imp'g 

[old  roads,  799 
curres  equiT*t  to,  633  — 
eliminated  by  speed,  347 
error  as  to,  339 
putting  into  namess,  693 
Unearned  increment.  33 
Unfamiliar,  eye  deceived  by,  843-I- 
Uaion  Pacific  align't  sutist.,*365 
eost  loco.  repTs,  143 
fiucts.  in  stOMck,  *46 
miles  and  eani*gs,  *7X9 
handling  trains  on,  355 
spiral  on,  680  + 
United  Kingdom:    progress   r^ 
coo*tr.,*44;  pop'n,  r*y8,  wealth, 
etc.  •37,  ^43,  \i\  rolliog-stock, 
tmific,  etc.  *43 

(5#/ Great  Britain.) 
United  R.  R.  N.  J.,  trains  &  fuel 
[coosump.,  *i38 
United  States,  cost  r*ys,  etc.,  ^45 
future  r*y  construc'n,  *4i 
growth  of  r*ys.  •43-4  [f r't,  •q? 
haul  and  tram-rd,  etc.,  pass.  & 
)s.^  cost  and  miles  per  yV, 
miles  per  year,  •97    [•159 
no.  and  work  of,  *i6o 
main    resulu     op*n      r'ys, 
[187X-8J,  *94 
DO.  trains  per  day,  etc.,  *97 
opg.  ezp.  and  traffic  details. 

{♦170-76 
f^  statists,  by  sects.,  >88  & 
rates.  47.9.,  of  T'y  divi'ds,  ^x 
loo-mnes  per  car,  ^97 
train-load,  etc.,  ^97 
wealth  of,  *35-78 

by  States,  •36  [tries,  '37 
comp.  with  other  coun- 
popltt,  oostr*ya,  etc,  'a; 


Unl-VIr 

Unloading  plough,  use  of,  773[590 
Unnecessary  reouire'ts,  loss  by, 
Utah :  area,  pop'n,  sidings,  p.  c. 
opg.  exp.,  earnings  per  mile  and 
head,  *oo;  wealth  per  cap.,  *36 
Utah  &  No.,  align't  sutist.,  *365 
Uuca  &  B'lk  R.,  align't  statist., 

[•359 
Utica,  Ith.  &  EL,  align't  sutist., 

[•359 

Vacuum  brakes,  ^.v.,  max.  eff^y, 

and  overlaps,  8^8 

descend  into  ag^st  slope,  68a 

ex.  of  line  in,  693 


fain  by  following,  586 
igh-water  in.  8«o 
Nature  makes  fills,  850 


penetrate  far  into  m^,  586 
recon'tring,  errors  in,  844  + 
rough  foot  travel,  848,  850, 855 
tributary,  use  of,  683 
undergrowth,  etc.,  816 
Vaduation  of  Sutes,  toUl  and  per 

[cap.,  ^96 
Valve;gear,  loco.,  ^.v.,  458 
Velocity  acquired  on  grades,  '37a 
and  work,  interconvert ,  ex., 

[34s 
composition  of,  ex.,  387 
due  to  any  h't,  '^33 
effect  of,  on  graoes,  ^.v.,  703 
effect  on  train  f  .v.  resist.,  346 
law  of,  and  trams,  331 
Velocity  train  q.v.  resistance,  5x7 

tests  of,  910 
Velocity-head,  defn,  333-5 
and  brakes,  g.v.^  494 
compuutions  by,  357  ±, 

[519 
due  to  all  speeds,  *3i3-5 

Vera  Cruz,  Jalapa  g.v,  line  from 

[9*5 
Vermont:  area,  popu.,  sidings,  p. 

c.  opg.  exp.,  earnings  per  mile 
and^ead,  *9o;  wealth  per  cap., 
•36 
Vernier,  graduating,  888 
Vertical  curves,  deviation  from 
[intersec.  grades,  ^388 
effect  close  coupler,  365 
need  for,  363 
rationale,  360 
rules  for  projecting,  385 
safe  rule  for,  365 
TO  LAV  OUT,  382 
*  Vertical  plane '  couplers,  489 
Viaduct,  Baranca  Blanca,  678 
estimating,  900 
indicating  on  profile,  934 
two-story,  683-4 
wei(;hts  of,  901 
Victoria,  rolling-stock  per  mile, 

[*47 
Vignoles,  C.  B.,  on  minor  details, 

[187 

Virginia:  alignment  sutist.,  *363: 

area,  popu.,  sidings,  p.  c.  opg. 

exp's,    earnines  per  mile  and 

head,  ♦qo;  wealth  per  cap.,  •se 

Virginia  &  Tnickee,  align*t  su- 

[tist.,  ♦365 
Virginia   Central,  sharp   temp'y 
[curves,  •335 


VIr-Way 

Virtual  profile,  346,  799  [joa 

and  cent.  grav.  of  train, 
and  curve  comp'n,  631  -{- 
as  aff  *d  by  length  grade, 

[704 
by  stops,  353 
cautions  as  to,  353 
down  grade,  ^.r.,  369 
effect  on  pusher  grade8,596 
ex.  of  use,  631,  70X 
frt.,  computing,  353    [353 
need  not  be  continuous, 
of  long  grade,  355 
of    old    lines,    constr'g, 

[794-8 
on  switchbacln,  948 
pass.,  computing,  347  + 
summit  speeds,  805,  807 
Visible  defecu  most  dreaded.  34a 
Von  NOrdling,  W.,  est.  of  cost 

[transp'n,  198 
Von  Weber,  on  curve  resist.,  307 

Wabash,  St.  L.  &  P.,   financial 

[sutus,  41 
miles  and  earnings,  *ji^ 
Wages,  American,  X43,  X70-9 
Amer.  and  English,  *4X7 
as  aff  *d  by  pusher  engines,  67s 

by  rise  and  fall,  38X 
engine,  past  tendency  of,  156 
English,  *X3^ 

shop,  English  and  Amer.,  *x5x 
train,  x68,  305 
train  and  telegraph,  803 
Wasen,  spirals  at,  673 
Washing  out  boilers,  q.v.,  *4ao 
Washington  Terr. :  area,  popu., 
sidings,  p.  c.  opg.  exp.,  earn 
ings  per  mile  and   heAd,  ^90; 
wealth  per  cap.,  *a6 
Waskouu.  acciuents  from,  ^347 
and  structures,  78s 
and  valley  lines,  783 
derailmenu  from,  345         [xo. 
Waste,  avoidance  of,  benefiu  all, 
Watclunen,  loco.,  cost  of,  *X47 
Water,  amt.  used  per  mile,  *5X9  ft 
distances  across,  est'g.  845 
entrained,  •456,  •470  -f 
pouble,  etc.,  puritv,  *378 
Water-courses,   mental  map  of, 

(836  ft 
*  Water-falls '  of  lava,  938 
Water-grate,  wt.,  etc.,  •4x8 
Watering  stock,  3s 
Water-power,  U.  S.,  rep't  on,  841 
value  of,  *35 
in  Mexico,  678 
Water-scoop,  cost  new,  *x5i 
Water  supply,  loco.,  amt.  used,x56 
cost  of,  147,  X70-9 
cost  and  distrib.  of,  x«6 
in     loco.      q.v.     boilers, 
quality,  •378  [NiS-** 

effect  on  fire-box,  '430 
Water-tanks,  spacing  of,  X56  [893; 
Water-ways,     ffrade-lines    over,. 
Way-freight  and  grades,  577 

av.  load,  etc.,  soi  [of,  54 
towns,  competing  for  trsffie 
traffic,  and  curvature,  34s 

BPFBCT  ON  RBVBNUB,  708 

securing  by  distance,  337 

RULB  AS  TO,  338 

ex.  of  error,  938 
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Wea-Wes 

Wealth  of  all  nations,  *^^ 
of  U.  S.,  ♦aj 

per  capita,  *a6 

U.  S.  Sutes,  ♦ae 

growth  of,  a6-7  [aa7 

does  not  help  poor  lines, 

per  head,  U.  S.  by  States,  *zf) 

Weber,  Von.  maint.  way  tests,  \ii 

train-resist,  formula,  ^17 
West  Alabama,  loco.  perform*ce, 

[♦439 

Western  &  AtPc,  car  repairs  on, 

[full  details,  ♦161-2-3-4 

Western  Pa.,  align't  statist.,  ♦aeo 

Western   States,   align't   statist., 

[♦a63 
bad  location  in,  6,  az,  330, 388, 

[660 
bonds  and  stock  per  mile,  *zo7 
compar've  accidents  in,  asa 
curvature  in, 263 
earninfifs  per  m.,  •107 
disirib'n  of,  •108  [♦331 

freif^^ht  earn.,  thro'  and  local, 
grade  and  curve  limits  in,  6, 
fai,  33o»  588,  656 
grade-crossings  in,  809 
growth  r'y  system,  ^44 
heavy  grades  in,  •2^3 
main  results  op'n,  ^93 
rec*ts  per  inhab't,  pass,  and 

[frt.,  ♦104-5 
rolling  slopes  in,  841 
rolling-stock  per  mile,  47 
train-load  and  haul,  frt.  and 

[pass.,  ♦a  17 
growth,  ♦loi 
wealth  per  cap.,  26 
West  Md.,  loco  perfce,  ^439 
West  Shore  r'y.,   an  example  of 
[wrong  judgment,  707 
bridges,  specirns  for,  903 

weights  of,  767 
double-track  on,  766 


Wes-Woo 

West  Shore  x'y—Continutd. 
history  and  cause  failure,  734 
locos,  and  Howard  Fry,  ^409 
dimens^ns,  etc.,  *407-9 
load  on  drivers  per  sq.  ft. 
[grate,  ^sa 
sidinirs,  total,  ♦Ba; 
stancTd  box- car,  ♦486 
term'l  exp.,  etc.,  N.  Y.,  •819 
track  Buffalo  yd.,  'Sai 
Wetherill,  W.  C,  report  to,  941 
Westinghouse   brake,  v-^^m  max. 

[effic'y,  495 
Westinghouse,    G.,     exp'ts     on 

[brakes,  434 
Wheat  rate,  effect  long  haul  00, 

[710 
Wheel-base  and  curve  resist.,  306 
loco.,  q.v.y  all  types.  ♦407-410 
lon^,  effect  on  wheels,  aSs 
position  of   trucks,  q.v.^  on 
[curves,  q.v,^  a8a 
Wheel  covers,  loco.,  ^415 
Wheels.    {Stt  Car  Wheels,  etc.) 
Whims,  affecting  traffic,  sa-j 
Whinery,  C,  paper  by,  3a6 
Whistle,  loco,  cost,  ♦41a 
Wilmington     and     No.,    align *t 

[sutist.,  ♦ate 
Wimmer,  S.,  &  Mcx,  r'y,929 
Winans,    R.    M.,   invented  Am. 

[car,  4az 
Wind,  accidents  from,  ♦a47 
and  bridges,  903 
vel.  of,  and  train  tests,  798 
Wire-drawing,  loco.,  q.v,^  470  + 
Wisconsin:  align't  statist.,   ♦adi; 
area,  popu.,  sidings,  p.  c.  op^g 
exp.,  earnings    per    mile    and 
head,  ♦90*  wealth  per  cap,  ♦a6 
Wisconsin  Cent., tram-Id.  growth, 
Wood  as  fuel,  139  [♦xoi 

for  kindling,  amt.,  ♦aoo 
H.  U.  in,  ♦450 


Woo— 2am 

Wood,  early  exp*  is  by,  on  aaii» 

[tiOll,441 

Woodbury,  C.  J.  H.,  fric.  teatt  b«. 

504^- 
Wooden  structures,  riffht  use  o«, 

«T    ^      ^  ^  «      Lx6,  754. 76- 

Workand  force,  338,  455 

Work  and  vel.,  mterconven,  ei., 

u       ^  ^  [34a.  403 

how  destroyed,  33a 

bow  expressed,  338 

World,  popu.,  r'ys,  wealth,  etc., 

*  -    t*«7»%3t*45 
ry  system  of,  ♦42-5 
rel.  traffic  of,  ♦zte 
wealth  of,  ^27 
Wunemberg,  cost  r'ys, etc.,  ^45 
Wyoming:  area,    popu.,  sidings, 
p.  c.  op^gexp.,eamingsperoule 
and  hcfad,  ^90;  wealth  per  am., 

Y  on  Bait.  &  O.,  379 

Yards  of  cloth,  selling^  less,  49 

Yards,  aast.  engs.  y.v.,  at,  509 
classes  of  sidings  for,  'Ssi 
greatest  m  world,  8aa 
N.  Y.  terminals,  ^.r.,  ♦819 
N.  Y.  r*.  Buffalo,  823 
often  near  bad  grades,  600 
operating  of,  810 
supping  drivers  in,  797 
standing  idle  in,  cost,  603 

Yard-work,  effect  on  loc.  and  car 

rep'rs,  •10} 

Youghiofi^beny  r'y,  loco,  pdrf'cc, 

•43* 

Zacatecas,  long  grade  at,  ♦too 
Zangronez,  R.,  &  Jalapa  Kne,  9» 
Zero  temperatures   and   dynun. 

(tests.  508 
Zigxag  developments,  def.,  676 

example  01,  933 
Zimilihuacan,  barranca  of,  94s 
Zamora,  location  at,  yas 


ADVERTISEMENTS. 


AD  VER  TISEMENTS. 

OEORaE  Westinqhouse,  Jr.,  pimiiuht.  Robert  Pitcairn,  truiumi 

C.  H,  Jackson,  Vici-prihoeht.  Asaph  T.Rowano,  siwetui 

Chao.  R.  Johnson,  swuu.  ero.  md  qih,  mmmwi.  Henry  Snvder,  Qw.  amht. 


UNIOIi  SWITCH  AND  SIGIiAL  CO. 


OF  PirrSBUROH.   PA. 

hI^^^^^^^^^^^S^^^^HBI^^^^I 

1 

^^^^^^^^^^^■^PI^BM^^^te 

SOLE  lUNUFACTURERS  OF  APPROTED 

RAILROAD  SIGNALLING  AND  SWITCHING  APPLIANCES. 

Plans  and  Estimates  and  all  particulars  promptly 
furnished  on  application. 


Sgoals  for  Srtelies,  M%  taiigs,  Juictis  anii  tainals. 

PESnOT  nTTEKLOOEIHa  AITS  AUTOXAHC  SLOOE  8IONAL8. 

OFFICE  AND  WORKS  : 

NOTE   CHANGE   OF  A  DPR  ESS. 
"WMtam  Asent,  H.  H.  MoDTIFFXiB,  HoniB  iDBursnoB  BuildlDB,  CMoaco,  IIL 


u.^..t 


Sell's.. 


ffjo^" 


SiCf^tt  S" 


:^itca^- 


nE»»»- 


svwrtcH 
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ADVERTISEMENTS.  ii 

Established  1831.  Annual  Capaoity,  600. 


BTJENHAM,  PAERY,  WILLIAMS  &  CO, 


Broad  and  Narrow  Gauge  Locomotives, 
Mine  LocomotiTes, 

Plantation  Locomotives. 

Compressed  Air  Locomotives, 
Logfging'  Locomotives, 

Tramway  Motors  and  Steam  Cars. 


Ml  IMPORTANT  PARTS  MADE  TO  STANDARD  GAUGES 
AND  TEMPLATES. 


Liie  parts  of  fliffereit  Eii?iiies  of  saiE  class  perfectly  interchaiiEeatilB. 


ADVERTISEMENTS. 


F.  ANDERSON. 


ANDERSON  <fc  BARR, 

Engineers  and  Contractors. 

A.*X*XFesa  a40    SUeveDth    Street.  Jerae^'    City. 


ELa^MJ^'  -Afflji^«i-^£i 

--tit 

eW*,. 

f"^Ptlffl 

1^^ 

ff^"^!  t    '1 ' 

fesfeSSI 

'-'-"  '"""■'  ■■'" 

""rk.  Deep  FoundalJons,  and  Tunneling  in  Soft  Materials.     Con- 
fur  the  Automatic  Dredge  and  the  Anderson  System  of  Tunneling. 

Tilt  foUiiwiin;  Works,  among  others,  have  been  executed  by  the  present  finn 
of  Anderson  A;  Ibrr,  and  will  >how  the  wide  range  of  their  experience. 

.■\!.l,.</.i,:sr.l    n-iJf  CheitKul  31'ttl  Bridp.  Pkitadtlfki*.  Pt. 

Pneuni,.lic  CyliuJen  gjid  Drcdccs,  Oblique  PntDouIic  CfliBden. 

I.ili:,-  Ji.A:  Art.,  r.riJgr.  Main  Sni'rrc.  fimttfym,  Af.  Y. 

Pniumalic  Cauioni.  ,,ono  feel  of  ii.fi.  luontlt  thmoch  tud. 

S.fiftK-  Kivr-  Pr,;ig..  /■•:'=■  J.h-«,e.  a. I.  Ilai,l.r<tury  B'idgt.  Aoilralia. 

Cylinders  tunk  by  Dredget.  Open  Caiuom.  lunk  ift,  feel  below  **ur. 

E-urt/tn-.'--!  !.:i':!  ir.-us,;  Pr/.izi-.irr  H.,}:  '■  by  Dndg«. 

Pneun-.atl-.-  Cuk-nn~,  -j  ffei  bclo»-  water,  I    lUr'^jH  Kh-^r  B'ide€.  A-«.  Vert  City. 


AD  VER  T I  SEMEN  TS. 


EDGE  MOOR  IRON  CO., 

—DESIGN  AND  MANUFACTURE— 

RAILWAY 

BRIDGES,  VIADUCTS,  AND  RDDFS, 

IN   STEEL  AND   IRON. 


Tension    Members  Forged  without   the  addition    of 
extraneous  Metal,  and  without  Welds,  Piles  or  Buckles. 

Compression    Members   manufactured   by   Processes 
which  insure  an  entire  absence  of  constructional  strains. 


WROUGHT-IRON    TURN-TABLES, 

With  Centres  of  Ck>nioal  Steel  BoUera  and  Steel  Platee. 


GALLOWAY    BOILERS 

Giving  Greatest  Safety,  Economy  and  Durability. 


Main  Office,  Edgemoor,  on  Delaware  River. 

POST-OFFICE,  WILMINGTON,  DEL. 

Philadelphia  Office,  1600  Hamilton  St 

WM.  SELLERS,  President.  QEO.  H.  SELLERS,  Qen.  Supi 

40HN  SELLERS,  Jr.,  Viee-Pretident  WM.  F.  SELLERS,  Seerttery. 

WM.  H.  CONNELL,  TrMSurer. 


r..'. 


AD  VER  TI SEMEN  TS, 


JOHN  B.  ORAV,  ' 


I.  DODD.  PrMidlnt. 


E.  L.  ADREON,  S*«>  •• 
QEO.  H.  POOH,  BypL 


American   Brake   Company, 

N£W   TOBE   OFFICE,   160   BBOADWAT. 


JOHK  B.  CRAY,  Vioe-Preatdent 
MAXVFACTUREXS  OF 


AUTOMATIC   FREIGHT  CAR  BRAKES  AND   STEAM 
DRIVER  AND  TENDER  BRAKES, 

ST.   LOUIS,   MO. 


Freight  Train  Brake  which  has  yet  been  adopted  by  tny  Raihray  in  the  world;. 
Our  Sieam  Driver  and  Tender  Brake  is  acknowledged  to  be  ibe  Cheapest, 
Simplest  and  BEST  Power  Brake  now  in  use...    Is  now  n*ed  by  aso  different 

'Railroads. 


THE      NEW 


'IRON  CLAD"  FIBRE  TRACK  WASHERS; 


Farfootsl  \3  Ten  Tun'  EquiBnoe. 


urpu 

ling  all  <.Ih<r 

Lock- 

N'ul 

dnia 

■  u  Dar 

kbiiitr. 

rane**    and 

Ohe 

pn 

1  from  the  •clber, 

lot  b 

cnuhed. 

orbur... 

loK  their  clucicit; 

for   bolk 

pi. 

mm" 

1  «iBle-h«.. 

Price,  only  (19,00  per  Thoouuid. 

They  also  atnolntely  protMst  the  tlirMtd*  on 
(he  bolts  from  beromlDg  oluUlMt  And  jkormlt 
old  bolts  to  be  ntlUxed  npoB  which  the  thrMtd* 
haTO  become  hattered. 

NEW  YORK  OFFICE  : 


N"o 


15    Dey    Street. 

IC(!,ffiliiiigtoD,De!. 


AD  VEX  TISEMENTS. 


THE  CLARK  FISHER  "BRIDGE"  JOINT, 

OF  WBOtrOHT  mON  Ain>  STEEIh 
AU   Parts    Warranted   against  JBreakage. 


1-1  Pnll  81». 

Thiili  not  1  •■suip«n[oii"]oiBI.     Il  »  a  " supptirlid"  JoiDt,  ^x^dtnttt  the  MiouBt  of 
)iippDngi*»bv  nay  ather  ihrnugh  Ihc  arched   bcuRr.  brioging  Ibe  load  upoB/Bntia  ulinc 

caSjDintfMdrailen^cwri^di^ilyby'iba  mh'ed  bJin  Md  Brewed  d'oWN  to*i™th" 
force  of  ii.Doo  psundi-makiiig  prSLCtically  a  contbuoui  rail.  No  hols  in  wcfa  of  lul-wboU 
•urface  ofbue  lonuppon  andwitar.  No  breakage  of  raili  or  Joinu.  Mo  'Mow  joiDU."  Na 
•'creeping.;'.  No  loon  nuu,    Coit  of  keeping  upliack  reduced  loom  half  of  Ihatwith  u^ 

'^"'TiS"'^ Joint  anT anvil  works, 

■_ TReNTOW,   N.   J. ^_ 

THE  BUSH  INTERLOCKING  BOLTS. 


SAFETY 

Bj  PreTentln^ 

Spreading 

of  Balls, 

and 

Derailment 

of  Trains 

from 

Broken  Balls. 


ECONOMY 


SPRBADINO   OF   RAII^  ABSOLUTSLT   PBKTKNTED. 

Tuted  for  cdorF  than  FOUR  YEARS,  and  appmved  bv  ume  of  the  sunt  emlnail  itilnfd 
oScwU  ID  the  United  Sutei.     In  uie  on  FIFTEEN  GrM-clua  mad*,  with  the  moat  iMir 

THE    BUSH    INTERLbciriN'c"BOLT°"cb., 

267  Soutll  rourth  Street,  FHUiASBIf  HIA. 


AD  VER  TISEMENTS. 


ESTABUSHBD    XBKO. 

W.&I.E.GUBLET, 

TSOY.  H,  Y.,  U.  ■.  A^ 


CITILEliaillEEBS'UiSnBTITOB!' 

iimniEm 


All  loatntmenti  (cnt  lo  the  parehuer  ad- 
jnited  and  remdj  for  immcdista  nae. 


S«id  tea  ttall  niiutnted  Prtas-IilM  knS 


THACHER'S  CALCULATING  INSTRUMENT. 


>f  calcBlUiaB,  ind  KceiBplkliH  npidlj^  br 


ud  IDT  number  of  vlluc*  of  a.  tingle  nriible  uv  found  b]r  oi 


1  IDT  number  at  vlluc*  of  a.  ling 
gned  Tor  tht  use  of  ea^«n. 


Eiugplci  in  noltiiilicubD.  diTnisB.  pn- 
portioD,  powoi  uuf  rooti,  iDvoIviu  net 
Bon  ihu  Ihnc  quntidet  m  ulTcd  Er  one 


For  Further  inlonB 


Frios,  la  Mahogany  Box,  $30.00. 
on,  iddnu  EDWIN  THACHER,  goj  Pom  A*c,  nitdxa^  Pa. 


AD  VER  TISEMENTS. 


OSGOOD  DREDGE  CO., 

ALBANY,  N.  Y.,  U.  S.  A. 


—MANUFACTURERS  OF— 

BOOM  MED&ES  and  EXCAYATOES, 

DITCHING    MACHINES,   CRANES,   Ac. 

No.  1  EXCAVATOR,  No.  2  EXCAVATOR. 

Weight 40  Tons.  30  Tons 

Main  Enuine 10x11  Ubl.  CyL  SVxio  Dbl.  Cyl. 

Crowding   Engine fiS^tS     "       "  6^x8       "       " 

Dipp«r 3  cubic  yards.  V/i  cubic  yards. 

Average  Capacily,  10  hours 2.500  cubic  yards.         1,800  cubic  yard*. 

Boom  and  A-Frame  lowered  to  go  under  bridges.    Will  run  in  any  (rtight  train. 

No.  I  Excavator  dug  450.000  yards  in  9  months.  1S66. 
No.  I  "  '■      52.000     "'      in  May,  i3S6.  10  hours  a  day. 

No   3  "         averaged  1,600  yards  a  day  for  whole  season,  1SS6, 

No.  1  "         was  taken  down,  run  30  miles,  and  set  up  ready  to  go  'o  woric, 

in  one  day. 


AD  VER  TJSEMENTS, 


TRAUTWINE'S   POCKET-BOOK. 

STtli  Thoasand  (1887)  Now  Ready. 

**  Beyond  all  question  the  best  practical  manual  for  the  engineer  that  has  erei 
appeared."— -Pw/.  Geo.  Z.  Vose,  C,  E.,  in  '*  Manual  for  Railroad  Engineers,"* 

*  *  *  "The  additions  and  substitutions  are  so  numerous  and  so  well 
chosen  that  there  is  hardly  an  important  topic  of  the  volume  which  has  not  been 
affected  by  them  and  improved." — Railroad  GauUe,  Review  ^/i885  Edition, 

«  *  «  "  It  is  the  best  civil  engineer's  pocket-book  in  existence." — American 
Engineer, 

TRAUTWINE'S 
RAILROAD  CURVES 

**  Is  probably  the  most  complete  and  perfect  treatise  on  the  single  subject  of 
Railroad  Curves  that  is  published  in  the  English  language."— ^m^'ii^mif^  News, 
July  yi,  1886. 

TRAUTWINE'S  EXCAVATIONS  AND  EMBANKMENTS. 

9tli  Edition  (1887)  Now  Ready. 
John  Wiley  &  Sons,  New  York.  E.  &  F.  N.  Spon,  London. 

THE  BEST  AND  MOST  PRACTICAL  WORK  ON  EARTHWORK 

COMPUTATION. 


COMPUTATION  OF  EARTHWORK  FROM  DIAGRAMS. 

By  A.  M.  Wellington,  M.  Am.  Soc.  C.  E. 

IN    TWO   VOLUMK8. 

Tol.     I.— Text,      81.S0 )  ^k  aa 

Vol.  II.— Plates,     3.50f •©.«« 

Sold  Separately  or  Together. 

Gives  quantities  on  inspection  to  the  nearest  cubic  yard  for  both  regular  and 
irregular  sections,  direct  from  ordinary  field-notes.  Saves  all  multiplication  and 
division.  '  Very  simple  in  use.  Contains  a  discussion  on  the  theory  of  the  Pris- 
modal  Formula  as  applied  to  earthwork  solids,  which  is  by  much  the  most  complete 
in  print,  being  based  on  the  actual  results  of  various  methods  of  computation  on 
some  thousands  of  actual  solids,  and  showing  that  the  simplest  method  of  apply- 
ing the  formula,  involving  hardly  any  additional  labor,  is  also  the  most  accurate. 

All  the  tedious  part  of  the  computation  of  earthwork  is  saved  by  the  methods  oj 
this  volume,  with  substantial  increase  of  accuracy.     For  sale  by 

"ENGINEERING  NEWS,"  Tribune  Building,  New  York. 


AD  VER  TI SEME  NTS. 


QHJSTKSr    LINDENTHAL, 

CIVIL    ENGINEER, 


Pittsburg,  Pa. 


SPECIALTIES— Difficult    Foundations,  Long-Span 
Bridges,  and  all  Iron  and  Steel  Constructions. 

LEWIS  M.  HAUPT,  A.  M.,  C.  E., 

Professor  of  Civil  Sngineering,  University  of  Pennsylvania,  Philadelphia. 

AUTHOR   OP 

^'ENGINEERING,  SPECIFICATIONS  AND  CONTRACTS/'  $3.00 

"THE  TOPOGRAPHER:  HIS  INSTRUMENTS  AND  METHODS,"                         •  4.00 

^* THE  AMERICAN  ENGINEERING  REGISTER"  (1886),        ....  2.00 

Orders  received  by  the  Author, 

Consulting  Engineer  and  Expert  in  Patent  Causes. 

HARBOR  AND  RIVER  IMPROVEMENTS  A  SPECIALTY. 

lestiog  LaloratoFj  .of  Wasigli  Dniversilj. 

Cor.  1 7th  St.  and  Washington  Ave.,  St.  Louis,  Mo. 

All  kinds  of  Physical  and  Chemical  Tests  made  on  short  notice,  and  certificates  furnished. 
Facilities  unequalled  in  the  West. 

Tests  of  the  strength  of  Wood,  Stone,  Brick,  Iron  and  Steel,  in  Tension,  Compression  and 
Cross- Breaking  up  to  ioo,cx3o  pounds.  Cement  also  tested  in  various  ways.  Specimens  can  be 
shaped  at  the  Laboratory  at  shop  prices.  Chemical  composition  determined  when  desired.  Re- 
sults copied  and  kept  confidential.    Send  for  Descriptive  Circular. 

Also  Strain-Sheets  examined  and  checked,  and  consultation  given  on  the  drawing  of  Specifi- 
cations and  the  Dimensioning  of  Structures  in  accordance  with  the  latest  practice  and  the  most 

reliable  tests  of  materials.    Address,  J>  B.  JOHNSON, 

Prof.  Civil  Engineering  and  Director  of  Laboratory. 

A.  M.  WELLINGTON, 

CONSULTING  ENGINEER  ON  THE  LOCATION 
AND  IMPROVEMENT  OF  RAILWAYS. 

Room  97  TRIBUNE  BUILDING.  N£W  YORK  CITY. 


AD  VER  TISEAfEffTS. 


GUSTAV    LINDENTHAL, 

CIVIL   ENGINEER, 

Pittsburg,  Fa. 


SPECIALTIES— Difficult    Foundations,  Long-Span 

and  all  Iron  and  Steel  Constructions. 


LEWIS  M.  HAUPT,  A.  M.,  C.  E., 

Professor  of  Civil  Engineering,  University  of  Pennsylvanis,  Philadelphia. 


AUTHOR   OP 

''ENGINEERING,  SPECIFICATIONS  AND  CONTRACTS/' 
"THE  TOPOGRAPHER:  HIS  INSTRUMENTS  AND  METHODS," 
''THE  AMERICAN  ENGINEERING  REGISTER"  (1886), 


$3.00 
4.00 
2.00 


Orders  received  by  the  Author. 

Consulting  Engineer  and  Expert  in  Patent  Canses. 

HARBOR  AND  RITER  IMPROVKMENTS  A  8PECIALTT. 
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Cor.  1 7th  St.  and  Washington  Ave.,  St.  Louis,  Mo. 

All  kinds  of  Physical  and  Chemical  Tests  made  on  short  notice,  and  certificates 
facilities  unequalled  in  the  West. 

Tests  of  the  strength  of  Wood,  Stone,  Brick,  Iron  and  Steel,  in  Tension. 
Cross-Breaking  up  to  100,000  pounds.    Cement  also  tested  in  v:iriou«  ways.    Specimens 
shaped  at  the  Laboratory  at  shop  prices.    Chemical  compMition  determined  when 
suits  copied  and  kept  confidential.     Send  for  Descriptive  Circular. 

Also  Strain-Sheets  examined  and  checked,  and  consultation  given  on  the  drawing  of 
cations  and  the  Dimensioning  of  Structures  in  accordance  with  the  latest  practice  and   the 

'viliablc  tests  of  materials.    Address,  J*  ©•  JOHH»Oaj» 

Prof.  Civil  Engineering  and  Director  of 

A.  M.  WELLINGTON, 

CONSULTING  ENGINEER  ON  THE  LOCATION 
AND  IMPROVEMENT  OF  RAILWAYS. 

Room  97  TRIBUNE  BUILDING.  N£W  YORK  CITY. 


«i  AD  VER  T I  SEMEN  TS. 

FngineeringNeto 

D.  McN.  Stauffer.  )  cjuq..  George  H.  Frost, 

A.  M.  Wellington,  f  *  Business  Manager, 

Engineering  News  is  a  weekly  record  of  all  important  engineering  works 
projected  and  in  progress.  It  discusses  fully  and  carefully  all  problems  con- 
nected with  such  works  as  they  arise.  It  is  especially  full  in  relation  to 
matters  connected  with  Surface,  Cable  and  Elevated  Railways,  Water  Works  and 
Hydraulic  Engineering.  Its  regular  and  occasional  contributors  include  a  large 
proportion  of  the  more  eminent  and  capable  engineers  of  the  country. 

Features  of  Special  Interest  are: 

The  Engin««ring  N«wt  of  th«  W««k  is  summariMd  condsdy  and  readably  on  the  first  page 
of  each  issue. 

Views  and  Drawings  to  Scale  of  all  new  and  important  structuxet  and  projects  are  given 
promptly  and  fully. 

The  Progress  and  Prospects  of  Constrnction  and  other  similar  details  are  shown  by- 
elaborate  colored  MAPS  which  are  issued  at  frequent  intervals  for  successive  sections  of  the 
United  States,  giving  at  a  glance  much  information  which  can  be  had  through  no  other 
channel. 

Construction  and  Contraeting  News  is  abstracted  and  classified  each  week  far  more  carefully 
than  in  any  other  publication. 

Positions  Vaoant  and  Contracts  to  Let  are  advertised  more  ezte&sivdy  in  this  journal  thiui 
in  all  others  in  America  combined. 

Technical  Notes  give  brief  abstracts  of  all  the  interesting  facts  that  appear  in  foreign  and 
home  publications  not  otherwise  given. 

Engineering  Disasters  of  all  kinds  are  investigated  and  described  promptly  and  fuUy. 

The  paid  circulation  of  Engineering  News  among  those  having  to  do  with 

engineering  work  is  already  far  larger  than  that  of  any  other  technical  paper.     It 

is  the  only  journal  in  America  devoted  to  civil  engineering  proper.     It  has  grown 

and  is  growing  with  great   rapidity.      Its  proprietors  aim  to  make  it  the  leading 

engineering  journal  of   the   world,  as  the  character  and  extent  of  its  field  de 

mands.     The  co()peration   of  all  engineers  is  asked  to  this  end,  especially  in  ike 

following  : 

^^INFORMATION  AS  TO  NEW  WORK,  and  technical  descriptions, 
photographs  and  drawings  of  NEW  DESIGNS  of  nnerit  for  all  engineerings 
details,  LARGE  OR  SMALL,  are  always  wanted  for  early  publication. 

Subscription  Price,     .      .        ^     $6.00  per  year. 
To  Foreign  Countries,     -       -  6.66        " 

Address 

ENGINEERING    NEWS, 

ZW&une  Building,  yew  Forik 


